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[* RECENT years the contributions to the dental literature from career colleagues 
in the United States Armed Forces and the Federal health agencies have been 
voluminous and significant. In an effort to provide a consolidated and repre- 
sentative medium for these papers, the Editorial Board of the JouRNAL has in- 
stituted a new section devoted to the United States Army, Navy, and Air Force 
and the United States Public Health Service. The chiefs of these services have 
been cooperative and enthusiastic in helping to establish this department. The 
excellent research opportunities and the volume and variability of clinical ma- 
terial in oral surgery, oral medicine, and oral pathology available to the Federal 
dental services should provide our subscribers with a wide scope of publications. 
The following have been appointed associate editors: Colonel Joseph L. Bernier, 
DC, USA; Captain Theodore A. Lesney, DC, USN; Colonel Donald C. Hudson, 
DC, USAF; and Dr. Edward J. Driscoll, United States Public Health Service. 
We look forward to a productive and mutually beneficial journalistic association. 

In the Mareh issue brief biographical sketches of these new associate edi- 
tors will be presented. 

I express my appreciation to Major General J. M. Epperly, United States 
Army; Rear Admiral C. W. Schantz, United States Navy; Brigadier General 
James S. Cathroe, United States Air Foree; and John W. Knutson, Assistant 
Surgeon General, Chief Dental Officer, United States Public Health Service, for 
their assistance in bringing this new department into being. 
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OPERATIVE ORAL SURGERY 


MALIGNANT LYMPHOMA OF THE MANDIBLE AND 
MAXILLARY REGION* 


Ronald F. Steg, D.D.S., David C, Dahlin, M.D., and Robert J. Gores, D.D.S., 
Rochester, Minn. 


ESPITE abundant literature concerning malignant lymphomas in general, 
little attention has been given tumors of this type affecting the mandible 
and the maxilla. We were able to find published descriptions of twenty-one 
such tumors in these locations, mostly as reports of single cases.‘*° Malignant 
lymphomas in the facial region have been poorly understood and often mis- 


diagnosed and wrongly treated. 


PERTINENT LITERATURE AND CLASSIFICATION 


For more than fifty years after Hodgkin published his original observa- 
tion, no sharp distinction was made between lymphosarcoma and Hodgkin’s 
disease, and the two were considered synonymous by the great majority of in- 
vestigators.'? In 1893 Kundrat'® recorded fifty cases of lymphosarcoma and 
sought to differentiate it from Hodgkin’s disease mainly on gross anatomic con- 
siderations. Sternberg,'® in 1898, listed differential diagnostic points based on 
microscopic study. Dorothy Reed*® accepted Sternberg’s descriptions and 
agreed that Hodgkin’s disease is an inflammatory granulomatous process. 

After Reed, many accepted the view that a sharp line of demarcation ex- 
isted between Hodgkin’s disease and lymphosarcoma, but Gibbons”! in 1906 and 
Coley”? in 1907 believed that they were fundamentally similar. Oliver?* added 
endothelioma to the group, thinking that it should be classed with Hodgkin’s 
disease and lymphosarcoma. Mallory,** in 1914, proposed the term ‘‘malignant 
lymphoblastoma’’ to include lymphosarcoma, lymphatic leukemia, and Hodg- 
kin’s disease. Follicular lymphoma, or Brill-Symmers disease, was originally 
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*Abridgment_of thesis submitted by Dr. Steg to the Faculty of the Graduate School of 
the University of Minnesota in partial fulfillment of the requirements for the degree of Master 
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described by Becker” in 1901 but was not generally recognized as a separate 
type of tumor until the work of Brill and associates** in 1925 and Symmers*’ 
in 1927. Following this, in 1939, Parker and Jackson'* described primary 
reticulum-eell sareoma of bone. 

For convenience, lymphoid tumors may be divided by histologic appear- 
ance into groups; however, these are not sharply defined, enduring, or mutually 
exclusive.*® While some lymphoid tumors maintain the same histologic appear- 
ance throughout their course, others change. Warren,”* Warthin,?® and Custer 
and Bernhard*®® have suggested that the transition of one type of tumor into 
another indicates the histologic relationship among members of the group. It 
also explains the great confusion in classifying them. 

After a consideration of all the classifications, the following one, modified 
from that of Nohlgren,*! was employed in the current study: 


. Reticulum-cell sarcoma 
Transitional type 

. Lymphosarecoma 

Giant follicular lymphoma 

Hodgkin’s disease 


Ste CO he 


a. Paragranuloma 

b. Granuloma 

e. Sarcoma 
The transitional type, with characteristics of both reticulum-cell sarcoma and 
lymphosarcoma, was added by us since many tumors present these borderline 


histologie features. 


PRESENT STUDY 

In a comprehensive review of small-cell lesions of the mandible and max- 
illary regions found in the files of the Mayo Clinic, eighty-two cases of possible 
malignant lymphomas with available histologic sections were found. Gross tis- 
sue was available for study in approximately 85 per cent of these cases, and 
in these instances new microscopic sections were prepared. 

In the course of evaluation, nineteen of the eighty-two cases were discarded 
because they were not unequivocally malignant lymphomas. Also, twelve malig- 
nant lymphomas could not be used because of lack of proof of bone involve- 
ment, even though such involvement probably was present in most of them. 
Many of these twelve tumors were from the mandibular region, and on clin- 
ical examination they apparently were fixed to the jawbone; however, the radi- 
ologie and operative reports were not conclusive enough to warrant their in- 
clusion in this series. The fifty-one cases left were studied thoroughly with 
respect to pathologie features, histories, roentgenograms, treatment, and course. 

Careful review of the histories led to the discarding of four eases because 
lesions had been discovered in other parts of the body prior to the onset of 
symptoms of jaw involvement. One was first detected in an axillary node four 
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days before the jaw tumor was biopsied, and the other was found in a mesen- 
teric node six years before the jaw lesion was noticed. These two lesions had 
been diagnosed as giant follicular lymphoma, but the later diagnosis of both was 
transitional-type lymphoma. The third case was discarded because enlarged 
cervical lymph nodes had been discovered six months prior to biopsy of the 
jaw tumor, although it is possible that the latter was primary. In the fourth 
case discarded, the patient had received treatment for a lymphoma involving 
the spinal cord about two months before the lesion of the mouth became ap- 
parent. 

The remaining forty-seven tumors in this study were considered to be 
definitive primary lesions in the mandible or in the maxillary region. Thirty- 
four presented in the maxillary region, twelve in the mandible, and one in 
both bones. The group in the maxilla varied in the degree of invasion of the 
involved region. Many presented major involvement of the antrum, with or 
without prominent maxillary alveolar destruction. Frequently the walls of 
the maxillary antra were perforated by the tumors; in some cases several walls 
were perforated, so that swelling of the maxillary alveolar ridge or of the face, 
obstruction of the nose, or ocular proptosis occurred. Combination of these 
symptoms depended upon the degree of bony involvement. In spite of these 
differences, the tumors in the maxillary region were very similar clinically, and 
any subdivision on the basis of degree of bone involvement would have been 
merely arbitrary. 

The roentgenograms from several of the earlier cases were not available, 
but the cases were included in the group because the clinical examination or the 
operative report definitely signified bony destruction. For example, a tumor 
causing bulging of the palate and over the antrum and resulting in proptosis 
of the eve was considered as definitely having osseous involvement. 


TABLE I. HISTOLOGIC TYPES AND LOCATIONS 
| BONE INVOLVED 
TYPES TOTAL CASES | MAXILLA | MANDIBLE 











Transitional type 21 14 
Reticulum-cell sarcoma 14 1] 
Lymphosarcoma 10 
Hodgkin’s disease 2 








Totals 





Of the forty-seven patients, twenty-two had no lymph nodes palpable on 
examination. The remaining twenty-five patients had cervical lymphadenop- 
athy. In twenty-three of these the palpable nodes were restricted to the 
cervical region; the other two had enlarged nodes distant from those in the neck. 
The diseased nodes in all twenty-five cases were considered as probably see- 
ondary to the lesions of the jaws. In all forty-seven cases the chief reason for 
seeking treatment was the difficulty involving the mandible or the maxillary 
region. 

After detailed histopathologic study, the forty-seven malignant lymphomas 
were classified as shown in Table I. The transitional type comprised 45 per 
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cent of the series and was the most common type in both jaws. The two pa- 
tients with Hodgkin’s disease had the granulomatous type of lymphoma. There 
were no giant follicular lymphomas. 

The eriteria for the histologic subclasses of malignant lymphoma as em- 


ployed in this study are as follows: 


Reticulum-cell sarcoma. The diagnostic feature of this tumor is 
its component of reticulum cells. These cells (Fig. 1, a) have an in- 
dented or lobulated nucleus, rather coarse chromatin, usually one or 
more nucleoli, and, ordinarily, indistinct eytoplasm.'’ The cells often 
are found in an alveolar arrangement, as in Fig. 1, b, with reticulin 
or collagenous fibers separating the cells into small clusters or rows. 





Fig. 1.—Reticulum-cell sarcoma. (Hematoxylin and eosin stain.) a, Characteristic lobu- 
lated nuclei and intercellular reticular framework. (Magnification, 800.) b, Characteristic 
alveolar arrangement or clusters owing to the intercellular substance present. (Magnification, 
<100.) 


Lymphosarcoma. Lymphocytes of varying degrees of maturity** 
comprise this tumor (Fig. 2, a). The cells are uniformly round, with 
scanty basophilic cytoplasm, and the nucleus contains heavy masses of 
chromatin. The more immature cells may contain a visible nucleolus. 
Reticulin often is seanty. As with all malignant lymphomas, neigh- 
boring tissues commonly are invaded and destroyed to a variable 
degree. 


Transitional type. The tumors that we have placed in this cate- 
gory show lymphocytes and reticulum cells of varying degrees of 
maturity (Fig. 2, b). The lymphoeytes and reticulum cells may be 
present in approximately equal numbers, or either may dominate the 
picture. It seemed impracticable to attempt to set an arbitrary 
dividing line so that members of this transitional group could be as- 
signed to the lymphocytic or reticulum-cell types. 
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Giant follicular lymphoma. Lymph nodes affected by this tumor 
have their normal architecture replaced by multiple follicle-like nod- 
ules of varied size and spacing.** They may be discrete or show par- 
tial coalescence. These nodules are present also in regions of extra- 
nodal invasion. The follicles are composed chiefly of reticulum cells, 
whereas the interfollicular areas are packed with lymphocytes. 


Fig. 2.—a, Lymphosarcoma, showing’ lymphocytes and lymphoblasts dominating the field. 
b, Transitional-cell type of malignant lymphoma showing a mixture of lymphocytes and retic- 
ulum cells. (Hematoxylin and eosin stain. (Magnification, 800.) * 
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3.—Malignant lymphoma of Hodgkin’s type, illustrating giant (Sternberg-Reed) cells. 
(Hematoxylin and eosin stain. Magnification, 800.) 
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Hodgkin’s disease. This entity commonly is divided into para- 
granulomatous, granulomatous, and sarcomatous types.*? The common 
denominator of the three is the Sternberg-Reed malignant giant cell 


(Fig. 3). 


Paragranuloma. This most benign form of Hodgkin’s 
disease is essentially an affection of the lymph nodes, particu- 
larly of the cervical region. For the most part, involved nodes 
are packed with fairly mature lymphocytes. The diagnosis 
depends on finding a few or many Sternberg-Reed cells. They 
vary from 12 to 40 microns in diameter and are irregularly 
shaped, with the cytoplasmic processes frequently extending 
between neighboring cells. Their nuclei are lobulated or 
multilobed, and hyperchromatiec. Nucleoli, often multiple, 
may be either acidophilic or basophilic. Primary osseous 
involvement rarely, if ever, oceurs in this type. 


Granuloma. This most frequent form of Hodgkin’s dis- 
ease usually oceurs in young adults. Again, the presence of 
Sternberg-Reed cells is diagnostic. Lymphocytes, lympho- 
blasts, eosinophils, plasma cells, and neutrophilic polymor- 
phonuclear leukocytes are present also in variable numbers. 
Necrosis and fibrosis, features that enhance the similarity of 
this malignant tumor to an infectious granuloma, are com- 
mon and may be extensive. 

Sarcoma, This most malignant form of Hodgkin’s disease 
has an aggressive, invasive nature and usually results soon in 
death. The tumor is composed of anaplastic reticulum eells, 
two to three times the size of normal lymphocytes. The nuclei 
are spherical and indented or ovoid and contain one or more 
prominent nucleoli. Mitosis is common, and Sternberg-Reed 
cells are present in varying numbers. Reticulin fibers usu- 
ally can be demonstrated to enclose small groups of cells or 
individual cells. 


DIFFERENTIAL DIAGNOSIS 


Tumors were not included in the present series unless their component 
cells possessed the distinctive cytologic characteristics of lymphoma as detailed 
above. The basie cells varied from immature reticulum cells through the more 
mature forms, lymphoblasts and lymphocytes. As indicated, clear distinction 
between these component cells was not always possible. With rare exceptions, 
however, the members of the malignant lymphoma series could be distinguished 
readily from other small-cell lesions that affect the jaws. These inelude the 
following : 

Ewing’s tumor. Histologically, the almost complete lack of in- 
tercellular substance in large fields of this highly malignant neoplasm 
contrasts with the reticular framework or the residua of the invaded 
tissues lying between individual cells or small clusters of cells 
of the lymphomas. Cytologically, the nuclei in Ewing’s tumor are 
round to oval, are more regular in size and shape, and have less elump- 
ing of chromatin than do the nuclei of the average lymphoma. 
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Myeloma. This neoplasm, like lymphoma, is of reticuloendothelial 
derivation. The salient difference is the large amount of discretely 
outlined cytoplasm so characteristic of myeloma cells even when im- 
mature. In the relatively rare highly undifferentiated myelomas, 
the nuclei lose their peripheral “cart-wheel” chromatin clumping and 
sometimes even their distinctive cytoplasm; such tumors may be diffi- 
cult to differentiate from reticulum-cell sarcoma. 


Reticuloendotheliosis (histiocytosis X). The histologically simi- 
lar eosinophilic granuloma, Schiiller-Christian disease, and Letterer- 
Siwe disease that comprise this group often affect the jaws. Differen- 
tiation from malignant lymphoma depends upon the lack of anaplasia 
among the differentiated histiocytes that make up the basic component 
of these disorders. Some of those unfamiliar with the histiocytosis X 
complex have been confused by the occasional mitotie figure that may 
be found among the proliferating histiocytes. 


Inflammatory lesions. Lymphoeytes, reticuloendothelial cells, and 
plasma cells, in varying combinations, may be so prominent in infee- 
tions of the gingivae and jaws that there is a superficial resemblance to 
small-cell malignant tumors, especially lymphosareoma and myeloma. 
The proliferating capillaries and fibroblasts, plus the cellular variety 
observed in inflammation, provide diagnostic clues. When one recalls, 
however, that secondary infection often complicates malignant lesions 
of the jaw, the problem is placed in true perspective. For biopsy, 
superficial tissue from an infected lesion obviously may be inade- 
quate. 

Epithelial lesions. Metastatic carcinoma and lymphoepithelioma 
contain cells that grow in clusters unlike the diffuse pattern of a 
lvmphoma. The more diserete cytoplasmic margins and the lack of 
specific nuclear features of lymphoma also aid in differentiating these 
tumors. 

Miscellaneous tumors. Rarely one may encounter other neoplasms 
that require differentiation from lymphoma in these locations. These 
include so-called esthesioneuroepitheliomas,™ ‘‘retinal anlage’’ tu- 
mors,** and conventional neoplasms, such as osteogenic sarcomas, which 
may contain foci of small cells. 


CLINICAL FEATURES AND COURSE 
Sex and Age.—There were thirty-four male and thirteen female patients. 

Every histologic type affected both sexes, with no significant sex predilection 

in any type. The average age of the forty-seven patients at the time of ad- 


mission was 46.8 years, and the median was 49 years (Table II). 


TABLE II. DISTRIBUTION BY AGE AND TYPE (ForTY-SEVEN CASES) 








AGE TRANSITIONAL | RETICULUM- LYMPHO- HODGKIN ’S 
(YEARS) LYMPHOMA | CELL SARCOMA SARCOMA DISEASE 
0-9 3 
10-19 
20-29 
30-39 
40-49 
50-59 
60-69 
70-79 
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TABLE III. Signs AND SYMPTOMS (ForTY-SEVEN CASES) 














TRANSITIONAL | RETICULUM- LYMPHO- HODGKIN ’S 
LYMPHOMA CELL SARCOMA SARCOMA DISEASE TOTALS 
elling 18 12 8 1 39 
in 10 11 5 2 28 
mphadenopathy 10 8 6 1 25 
eration 6 1 3 2 12 
sal obstruction 5 3 + ~ 12 
ilar proptosis 4 2 2 8 
imbness 3 2 2 - 7 





Location.—As shown in Table I, thirty-four of these tumors involved the 
niaxilla, twelve the mandible, and one apparently occurred in both bones, al- 
though osseous involvement was definite only in the maxilla. Twenty-seven 

the thirty-four tumors of the maxilla presented to some degree in the 
ntrum. 

Signs and Symptoms.—The most significant clinical features of these ma- 
lignant lymphomas are listed in Table III. Seventy per cent of the tumors 
were located so as to present some clinical feature intraorally. In swelling, 
the most frequent clinical finding, the masses varied from soft to hard and 
from diffuse to loealized. Pain, experienced by twenty-eight patients, usually 
was deseribed as ‘‘severe,’’ ‘‘sore,’’ or ‘‘aching.’’ One patient with a man- 
dibular tumor had pain only on opening the mouth. 





Fig. 4.—Uleer on lower right alveolar border, proved on biopsy to be due to transitional type 
of malignant lymphoma. 

Lymphadenopathy, observed in twenty-five patients, involved the sub- 
maxillary and upper cervical nodes much more often than the other cervical 
nodes. 

Intraoral uleeration was produced by eleven tumors, one of which had 
eroded through the nasal mucosa also. Another had ulceration in the nasal 
cavity only. Seven of the uleers involved the alveolar mucosa, as shown in 
Mig. 4. 
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Fig. 5.—A destructive lesion in the mandible of a 6-year-old boy. Biopsy proved this to be 
a transitional type of lymphoma. 


Fig. 6.—Hodgkin’s granuloma of the right nasal fossa and antrum, showing destruction 
of the medial and inferior walls of the antrum. Carcinoma and other malignant lesions could 
produce a similar appearance, 
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Nasal obstruction occurred in twelve of the patients. In five of these the 
sociated difficulty in breathing appeared to be the chief complaint, whereas 
seven it was associated with other prominent symptoms. Ten of these pa- 
nts had definite antral involvement. 
Ocular proptosis, which affected eight, was unilateral in every instance 
d usually was associated with massive involvement of the maxillary sinus. 

Numbness was noted by seven patients, of whom five had mandibular tu- 
ors. This anesthesia affected the mental region in two, the chin and lip in 
ie, the chin alone in one, and the lip and lower teeth in one. Paresthesia 
as present in the cheeks of two patients, one of whom also had a numb upper 
Pp. 

The average duration of signs and symptoms for the entire group was 10.6 
months, with variations from three weeks to ten years. The median was four 
months. Approximately 60 per cent had had symptoms for less than six 
months prior to admission to the Mayo Clinic. 

Roentgenologic Findings—Roentgenograms, or interpretations of them, 
were available in thirty-nine of the forty-seven cases in this series. Twenty- 
two of these showed destructive processes (Figs. 5 and 6). In the thirteen 
cases with roentgenographie evidence of involvement of the antrum only, the 
original deseriptions ranged from “thickened membrane” to “increased den- 
sity’ to ‘‘ diffuse opacity’’ of the antrum. 

Treatment and Results—The treatment given patients in this series was 
varied, as is specified in Table IV. 


TABLE IV. Types oF TREATMENT (ForTY-SEVEN CASES) 





TREATMENT CASES" 

Radium 12 
Roentgen therapy 11 
Diathermy, radium 11 
Radium, roentgen therapy 4 
Diathermy, radium, roentgen therapy 2 
Surgery, radium, roentgen therapy 2 
Surgery, diathermy, radium 1 
Diathermy, roentgen therapy 1 
Roentgen therapy, surgery 1 
Coley’s serum 1 

1 


Biopsy alone 


The term ‘‘diathermy’’ has been used to inelude electrocoagulation and 
cautery. Diathermy was utilized as an adjunct in fifteen cases. 

The term ‘‘surgery’’ denotes procedures performed with a scalpel, chisel, 
saw, or rongeur. Surgery, other than biopsy and diathermy, was used in only 
four eases, and then in collaboration with other methods. 

Radium, used more than any other mode of treatment, was employed for 
thirty-two patients, of whom twenty received other forms of therapy also. 
Roentgen therapy was given to twenty-one patients, of whom ten received other 
forms of treatment. Roentgen or radium therapy, or a combination of the 
two, was used in forty-five of the forty-seven cases. 
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We were able to determine the results of treatment in thirty-eight of th: 
forty-seven cases in this series, nine having been lost to follow-up and of no 
value in determining results of treatment. One of the followed cases was no! 
used in the statistics because of an unknown date of death. Another case wit! 
an indefinite date of death was used, however, because the patient was know 
to have lived at least three years following treatment. 

Of thirty-six patients treated more than three years ago on whom follow-u)) 
data are available, thirteen are known to have lived at least three years. O! 
thirty-one patients treated more than five years ago on whom follow-up dat: 
are available, eight (26 per cent) are known to have lived at least five years 
Of twenty-three patients treated more than ten years ago with adequate 
follow-up available, three are known to have lived at least ten years. 

Radium or roentgen therapy was used alone or in combination in the 
treatment of all the patients surviving three or more years. Of the eight who 
are known to have survived more than five years after therapy, two had 
reticulum-cell sarcomas, one had a lymphosarcoma, and five had tumors of the 
transitional type. Only two of the eight five-year survivors were among the 
group with lymph node involvement. 

Details regarding the postdismissal course of many of those patients who 
succumbed are not known. In one patient, however, leukemia was known to 
have developed. In five instances tumors developed at locations distant from 
the jaws. Two of these involved the soft tissue of the thigh, two involved the 
femur, and one involved the testicle and perineum. These tumors at distant 


sites developed at intervals that varied from three months to eight years fol- 
lowing treatment of the jaw lesion. 


ORIGINAL DIAGNOSIS 


The majority of these patients originally had been considered to have 
some benign process, as evidenced by the treatment they had received. 
Twenty had had teeth extracted, twelve had had antral operations or treat- 
ment, and six had had incision and drainage. Various other ineffeetual forms 
of therapy attested to the fact that the serious nature of their disease com- 
monly was overlooked in its early stages. 


COMMENT 


Some may be eritical of our ineluding in this series all the malignant 
lymphomas that caused filling and destruction of the maxilla. In many in- 
stances, as we have indicated, proof of origin in the maxilla proper is not pos- 
sible. Obviously, tumors located in the maxillary antrum and involving its 
walls may be of soft-tissue derivation. The clinical and pathologic sameness 
of these tumors, however, makes it impractical, if not impossible, to segregate 
a group in which there is overwhelming proof of origin in the maxilla proper. 

This series illustrates the difficulty encountered when one attempts to 
pigeonhole members of the malignant lymphoma family into definite categories. 
The admixture of cell types led us to place 45 per cent of our eases in the 
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insitional eategory with features of both reticulum-cell sarcoma and lympho- 
coma. The subclasses of the malignant lymphomas presented no significant 
ferences as to the region involved, clinical features, laboratory findings, 
entgenologie manifestations, treatment, and prognosis. 

Roentgenographiec examination is helpful in delineating the region of in- 

vement and usually suggesting that a malignant process is present. This 
idy, like that of Wilson and Pugh,** indicates that the roentgenogram may 
rongly suggest or actually prove that the pathologie process is malignant, but 
cannot be expected to disclose the histologic type. The diagnosis of malig- 
nt lymphoma depends on histopathologic study. The patient’s complaint 
id the findings in the physical examination and the laboratory investigations 
re nonspecific. 

It should be noted that a large percentage of the patients in this series 

ad sought professional advice early in the course of the disease, only to be 
viven inadequate therapy. Dentists:and physicians alike should be alert to the 
probability that pain and swelling in the jaws, especially when associated with 
a destructive osseous lesion, may be due to a malignant bone tumor. 

The biopsy, when an important lesion is suspected, should be performed 
hy eapable hands. The tissue obtained must have been deep enough that such 
factors as necrosis from previous treatment or infection cloud the issue to a 
minimal degree. As indicated previously, an important group of conditions 
must be eonsidered in the differential diagnosis. One who is conversant with 
the problems of differential diagnosis and therapy is most likely to be sueccess- 
ful in obtaining an adequate specimen for biopsy. 

The vagaries of the malignant lymphomas are well demonstrated by this 
series. Patients with obvious, disseminated lymphoma may have a lesion in the 
jaws which appears clinically and roentgenographically to be primary. Ae- 
cordingly, those with jaw lesions should be carefully studied for evidence of 
systemic disease. When attempting to evaluate prognosis, one must remember 
that patients with a localized malignant lymphoma may, at almost any later 
time, develop disseminated disease, a distant similar tumefaction or even leu- 
kemia. 

Radiation is the mainstay in therapy of malignant lymphomas.** The 
philosophy of treatment is based on certain premises.** The first is that, like 
most other malignant tumors, most malignant lymphomas seem to begin in one 
place and spread from there, rather than arising as constitutional disease with 
multiple foei of origin. This suggests that localized instances should be treated 
aggressively in the hope of cure. The second premise is that, because they are 
extremely infiltrative, they are not usually suited to adequate surgical removal. 
The third premise is that, even when a fatality is inevitable because of the ex- 
tent of the disease, remarkably effective and long control is sometimes possible. 

Cures from the use of Coley’s toxins, first reported in 1894, have been re- 
ported in some inoperable cases.*° 

The prognosis for malignant lymphomas localized to the jaws, with or with- 
out involvement of regional nodes, compares favorably with that for malignant 
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lymphoma primary in other sites.*” ** Approximately one-fourth of the patients 
ean be expected to survive for five years, and this figure should improve if 
patients are accurately diagnosed and adequately treated earlier. 


SUMMARY 


In a study of malignant tumors of the maxilla and the mandible, fort) 
seven were found to have the histopathologic criteria necessary for the diag 
nosis of malignant lvmphoma. The majority of these tumors involved the 
maxillary region. 

There is commonly a prolonged delay in arriving at the correct diagnosis. 


In spite of this delay, an appreciable number of patients were saved by ap- 


propriate therapy. 

This study indicates that, although it is important to recognize that a given 
tumor is a malignant lymphoma, further classification into the various types of 
malignant lymphoma is of small practical significance. 
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A FUNCTIONAL CEPHALOMETRIC RADIOGRAPHIC INVESTIGATION 
OF THE NASAL AND ORAL PHARYNGEAL STRUCTURES 

DURING DEGLUTITION IN OPERATED CLEFT PALATE 

AND NON-CLEFT PALATE PERSONS* 


Pirkko Helena Nohrstrém, L.DS., M.S.D., Helsinki, Finland, and 
Barrett D. Anderson, D.D.S., M.S.D., San Mateo, Calif. 


Page which the Swiss physiologist von Haller rightfully called the 
‘*difficillima particula physiologie,’’ has aroused the interest of scientists 
since antiquity. Hippocrates (460-377 B.c.?), by vivisection of swine, came to 
the conclusion that a part of liquids swallowed go via the trachea into the lungs, 
to irrigate the pericardium to cool off the heart, and that the epiglottis acted as 
a guide, diverting as much of the liquids to the lungs as needed; the rest was 
to be channelled down to the esophagus.’ In spite of the absurdity of this 
theory, it prevailed in the medical literature for 2,000 years. The first experi- 
mental physiologist, Erasistratus of Alexandria (about 300 B.c.), wrote a trea- 
tise on deglutition, in which he is said to have criticized Hippocrates. This 
treatise has been preserved only in quotations of other writers. Aristotle (384- 
322 B.c.) and Galen of Pergamum (a.p. 131-201) also discussed deglutition in 
their philosophic-medical writings. In ancient times the same subjects intrigued 
writers in the field, namely, the role played by the epiglottis and the nature 
of the peristalsis-like force which drives food from the mouth to the esophagus. 

Magendie,’? in 1817, wrote his classic description of deglutition in which he 
divided the process into three phases—the oral, the pharyngeal, and the 
esophageal—a division that later has been found appropriate by most authors 
describing swallowing. The first phase was described as voluntary, and the 
other two as involuntary. 

In 1880 and 1883 Kronecker, Meltzer, and Falk,*° employing a pressure 
measurement technique, concluded that the contraction of the mylohyoid mus- 
cle was the main force propelling the bolus and assigned to the constrictors 
only the functions of removal of residual food and closure of the glottis. 

Discovery of roentgen rays in 1895 gave scientists a new and powerful tool, 
and it also opened a new era in the research of the physiology of deglutition. 
Cannon and Moser,® in 1898, introduced the use of the fluoroscopic screen and 
radiopaque bolus. This new method, with many subsequent improvements, led 


*Summary of two theses submitted in partial fulfillment of the requirements of North- 
western a for the degree of Master of Science in Dentistry (degree conferred on 
June 16, 1958). esearches directed at the Dental School, Department of Orthodontics, by 
Dr. John R. Thompson. 
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{. the present-day techniques of lateral cephalometric radiography and cineradi- 
o-raphy. Although these methods brought about a better understanding of 
« allowing, the points of controversy remained. In 1930 Barclay’ reported 
{) at there was no evidence of muscular propulsion beyond the mouth. He held 
1 vative pressure, rather than the action of the pharyngeal musculature, re- 

onsible for transportation of the bolus. However, few researchers agreed 
with Barelay. 

Within the last decade a number of high-speed cineradiographie investiga- 
tions (sixty or more frames per second) have been made.*"' Detailed analyses 

the chronology of the process of deglutition and observation of the action 

the posterior pharyngeal wall, soft palate, larynx, and epiglottis have become 
possible. Ramsey and associates,’! reporting on the findings of a cineradi- 
ographie examination of 300 persons, noted that the soft palate elevates ahead 
of the bolus to close off the nasopharynx. After the major part of the bolus 
has passed, the velum is pulled so far inferiorly that the uvula reaches the 
level of the glosso-epiglottie valleculae. 

Among all the hypotheses on the force which transports food, Podvinee’s™ 
theory seems most original. He gave credit for bolus propulsion to compression 
of an air bubble that is present in the pharynx above the bolus. 

The nature of velopharyngeal movement has been found to vary in different 
functions. Passavant'* had stated in 1865 that the valving during speech is 
effeeted by the levators of the palate and the superior pharyngeal constrictors, 
while the valving of swallowing, gagging, and vomiting was strengthened con- 
siderably by the palatopharyngeus muscles. 

Falkson,"* after studying both deglutition and speech, asserted in 1880 
that swallowing was the most important function of the pharynx and palate 
and that in swallowing the velopharyngeal valving was more complete than in 
other palatal functions. He agreed with Voltolini, who had compared this 
mechanism with that of the sphincter ani. In 1953 Bloomer’ noted the much 
stronger type of valving seen in swallowing as compared with speech. He 
called attention to the ‘‘difference between the simple valve action in speech 
and the peristaltic-like waves during deglutition.’’ Miiller’® reported in 1955 
that there is a completely different principle of activity of velopharyngeal 
valving during deglutition and speech. 

As a consequence of the anatomic deformity of the oropharyngeal strue- 
function deviates considerably from 


{ures of a person with cleft palate, their 
that of a person without cleft palate, particularly during speech. Ritchie’’ 
and Bzoch"* are among those who have emphasized that one of the most impor- 
tant factors involved in the speech defects of children with operated cleft 
palate is the lack of mobility of the velum. Very little has been reported on 
the effect of the cleft palate deformity on deglutition. Ardran and Kemp* 
asserted that some persons with cleft palate exhibit a modified swallowing pat- 
tern, while others do not. Podvinec™ stated that in subjects with cleft, para- 
ivtic, or searred palates the defective function of deglutition can be compen- 
sated by a special position of the head and neck as well as by dexterity of the 
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action of the tongue. Thus, the compressed air bubble that is necessary for 
propulsion of the bolus is formed in the hypopharynx without normal palata! 
participation. Podvinee averred that food regurgitation rarely occurs in these 
persons. In 1954 he also noted that adults with cleft palate who had apparently 
normal patterns of deglutition seemed to swallow smaller portions, let the liqui: 
flow into the pharynx, and, by the aid of the tongue, form a smaller compression 
chamber at a lower level than usual.’® 

The human body possesses functional adaptability to loss or injury to cer- 
tain tissues and structures. An example is the pronounced activity seen in 
some persons with cleft palate in the area of Passavant’s ridge, which is forme: 
by the pterygopharyngeal portion of the superior pharyngeal constrictor. 
Negus”° observed that even total removal of the tongue does not lead to inability 
to swallow, because of the compensating action of the cheeks and the floor of 
the mouth. 

The purpose of these investigations was to observe and compare the move- 
ment of the nasal and oral pharyngeal structures in persons with operated 
eleft palate and in persons without cleft palate. Deglutition and phonation 
of the speech sound ‘‘p’’ were the functional performances used. 

Both the cleft palate and the non-cleft palate samples were composed of 
twenty-five male subjects between the ages of 10 and 30 years. The mean age 
of each group was approximately 15 years. The cleft palate sample included 
unilateral and bilateral complete and incomplete clefts. No subjects with speech 
appliances were chosen, but many had received speech lessons. All those ex- 
amined were patients at the Northwestern University Cleft Palate Institute, 
and the speech of each had been recently evaluated by the staff. The subjects 
without cleft palate possessed moderately good dental occlusions and were 
free of any recognizable oral deformity. 

The method was lateral cephalometric radiography. Beeause of high kilo- 
volt peak values, the x-rays produced have a high degree of penetration and 
allow a short exposure time. This is of special advantage in recording the rapid 
actions of deglutition and speech. The best soft tissue definition was obtained 
by using 200 Ma. and 90 KVP, and this setting was used with an exposure time 
of 1/20 second. 

Differences in structural densities between the pharyngeal wall, tongue, and 
velum are not great enough to allow observation without a contrast medium. 
These structures were made radiopaque by the use of Iodochlorol (G. D. Searle 
& Company) and a paste of barium sulfate and gum tragacanth. Iodochlorol 
was applied through the left nostril, and the barium sulfate paste was applied 
to the oral structures. The head was stabilized in the cephalostat, with the 
Frankfort plane horizontal, by means of ear-rods and orbital positioners (Fig. 1). 

Altogether, six exposures were made. Four were made while the subject 
was swallowing, at the time when the larynx was seen at its highest position 
(Figs. 2 and 5). One exposure was made during phonation of the plosive con- 
sonant ‘‘p’’ by repeating the syllable ‘‘pa’’ several times (Figs. 3 and 6). 
The sixth exposure was made with all structures at a position of rest or relaxa- 
tion (Figs. 4 and 7). 
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The radiographs were developed by an observational technique for best soft 


ie visualization. 

The radiographs were placed on a transilluminated tracing table and the 
representing the highest position of the velum during deglutition was 
cted for tracing. In a number of the subjects two or more of the radiographs 

leglutition were identical. Of the radiographs representing the sound ‘‘p,”’ 

those which showed the lips closed were traced. A tracing was also made 


he rest position radiograph. 


Fig. 1.—Cephalostat with subject oriented for lateral cephalometric radiograph. 


The hard structures of the head and neck, as well as the outlines of the 
velum, tongue, and posterior pharyngeal wall, were traced. By superimposing 
the tracings of rest position, deglutition, and phonation of the consonant ‘‘p,’’ a 
composite tracing was made for each subject (Figs. 8 to 11). The structures 
that had changed position during the functional performances were depicted 
by dotted and broken lines. 

In spite of stabilization of the head during radiography, some movement 
of the head and eervieal vertebrae could not be avoided. This was found to 
occur almost entirely at the atlanto-occipital joint, with the vertebrae acting 
as a unit. Consequently, the velum, tongue, hyoid bone, and mandible were 
traced while superimposed on the cranium, and the portion of the posterior 
pharyngeal wall which is attached to the vertebrae was traced while super- 
imposed on the first four cervical vertebrae. 





NOHRSTR6OM AND ANDERSON O. S., O. M. & O. P 


February, 1959 


Fig. 3. 


Fig. 2.—Lateral cephalometric radiograph of non-cleft palate subject with structures 
recorded during deglutition. 

Fig. 3.—Lateral cephalometric radiograph of non-cleft palate subject with structures 
recorded during phonation of plosive consonant (‘‘p’”’). 
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Fig. 4. 





Fig. 5. 
Fig. 4.—Lateral cephalometric radiograph of non-cleft palate subject with structures 
recorded at nonfunctioning position. 
2 Fig. 5.—Lateral cephalometric radiograph of cleft palate subject with structures recorded 
during deglutition. 
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Fig. 7. 


Fig. 6.—Lateral cephalometric rediograph of cleft palate subject with structures recorded 
during phonation of plosive consonant (“p’’). 

Fig. 7.—Lateral cephalometric moo oll of cleft palate subject with structures recorded 
at nonfunctioning position. 





RES DURING DEGLUTITION 
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SW ALLOWING SPEECH SOUND “p" 
SPEECH SOUND “‘p 

Subject 8 Age 13 years 


Subject 15 Age 13 years 
Fig. 8. 
9.—Typical composite tracings 


Fig. 9. 
Figs. 8 and of non-cleft palate persons. 


REST —_— 
SWALLOWING —— 


REST 
SPEECH SOUND “‘p" “"-~ 


SWALLOWING 

SPEECH SOUND “'p”’ 

Subject 23. Age 14 years Subject 21 Age 11 years 

Bilateral complete cleft Bilateral complete cleft 
Fig. 10. Fig. 11. 

Figs. 10 and 11.—Typical composite tracings of cleft palate persons. 
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DISCUSSION 


The original intention was to perform a study of deglutition in a manner 
similar to that of several previous studies in the field of speech, by expressing 
the positions and interrelationships of the involved structures through the use 
of numerical data and correlations. Such actions as posterior movement an 
elevation of the velum, pharyngeal activity, and movement of the hyoid bone 
and tongue would have been recorded as definite values. A careful analysis 
of five motion pictures*’-*> showing function of the pharyngeal and related 
structures, however, made it apparent that, using still radiography, detailed 
measurements would be of little value. The portion of the process of swallowing 
portrayed in one radiograph exposed for %,» second reveals only a smal! 
fraction of a long and complicated physiologic procedure. It was also im- 
possible to determine at what time in the act of deglutition the exposure 
had been made and to reproduce an identical stage of deglutition on different 
subjects. Furthermore, it was found that, because of the extreme speed with 
which swallowing takes place, the velum is in its highest position only a 
very brief instant and the likelihood of making exposure at this moment 
Was very small. 

Consequently, it was found that lateral cephalometric radiography has 
certain limitations as a means of studying deglutition. Roentgenocinema- 
tography would provide a method for a more complete, dynamic study of 
deglutition. By editing a film, frame by frame, one would be enabled to 
select a certain identical frame for each subject and then to make measurements 
and comparisons of this selected phase of the swallowing procedure. The 
investigations reported in this article show, however, that lateral cephalometric 
radiographs can reveal patterns of deglutition which are modified by structural 
deformity. Cephalometric radiography has other advantages also: the avail- 
ability and lower cost of equipment, the relative ease of technique, the negli- 
gible radiation hazard, and the permanent records afforded for each person. 

It seemed most practical to utilize an illustrative method, based on 
composite tracings of radiographs, as a means of displaying the findings of 
these investigations. The tracings for all of the fifty subjects are compiled in 
the original works, which are available in the Northwestern University Dental 
School Library. Samples of these composite tracings are portrayed in Figs. 8 
through 11. The structures involved in the act of deglutition will be discussed 
individually. 

The most striking difference between the cleft palate and non-cleft palate 
groups was seen in the behavior of the velum during deglutition. In both 
groups the velum moved superiorly and posteriorly to assist in closure of the 
velopharyngeal aperture. In the non-cleft palate subjects the velum often 
increased greatly in length and generally exhibited an arched configuration. 
In the cleft palate subjects the increase in length of the velum was small. The 
‘ange of movement of the velum in these subjects seemed to be rather limited 
due to the shortness of the velum and its lack of mobility. In profile view, 
the velum showed relatively little arching and a thin and flat appearance. 
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The most superior point of contact between the velum and the posterior 
aryngeal wall was situated at the approximate level of the anterior tubercle 

o! the arch of the atlas, or somewhat above, in both groups. However, the 
ost inferior point of this contact was much more inferiorly located in the non- 
eft palate subjects, usually at the level of the inferior border of the mandible 
even below it, whereas in the cleft palate sample it was situated considerably 
ove the inferior border of the mandible in all but two subjects. The dis- 
tance between the most superior and inferior points of contact, that is, the 
length of the velopharyngeal contact, is shown in Table I. The average length 
was 40.24 mm. in the noncleft-palate group and 19.44 mm. in the cleft-palate 
group. These measurements only reveal a tendency toward a more effective 
velopharyngeal closure in persons without cleft palate during deglutition and 
do not earry significance as individual data, since the length of the velopharyn- 
geal closure is constantly changing. A most important observation seems to 
be that even if the closure of the velopharyngeal valve during deglutition 
in the persons with cleft palate was short and probably light, there existed 
a complete closure in every subject. The shortness of the velopharyngeal 
contact in the cleft palate group may explain Podvinee’s'® observation that 


these patients have food entering the nasopharynx only when swallowing in 
the inverted position of Trendelenburg. 


TABLE I, LENGTH oF CONTACT BETWEEN VELUM AND POSTERIOR PHARYNGEAL WALL 





CLEFT PALATE SUBJECTS 
LENGTH OF 











~ NON-CLEFT PALATE SUBJECTS _ 


LENGTH OF | 
| st 





SUBJECT CONTACT IBJECT CONTACT 

NO. (MM.) NO. (MM.) 
NFS 2* 24 15 8 
4 25 2 11 
6 27 5 13 
21 30 21 15 
14 31 23 15 
11 33 8 16 
23 33 10 16 
7 36 11 16 
25 36 25 16 
12 37 22 17 
16 37 1 18 
8 38 i 18 
13 41 12 18 
17 41 20 18 
5 43 4 20 
3 44 16 20 
15 45 17 21 
20 45 6 22 
] 46 7 22 
24 46 24 24 
10 49 14 25 
19 51 19 26 
9 53 9 27 
18 53 18 30 
99 62 3 34 


Mean length of contact: 
Non-cleft palate—40.24 mm. 
Cleft palate—19.44 mm. 
*Subject number in this investigation and in Normal Functional Series (NSF) at North- 
western University Cleft Palate Institute. 
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Ten successful radiographs were obtained of the phonation of the ex. 
plosive consonant ‘‘p,’’ in the cleft palate group and nineteen in the non-cleft 
palate group. These radiographs reveal very different conditions. The shape 
of the velum differed from that seen during deglutition. The velum ean bh 
deseribed as hooked in appearance, the first third being parallel with the su- 
perior surface of the nasal floor or forming a small angle with it, the middle 
third in contact with the posterior pharyngeal wall at the level of the are) 
of the atlas or (in the majority of the subjects) above it, and the inferior pari 
being curved away from the posterior pharyngeal wall. The length of th 
contact between the velum and the posterior pharyngeal wall was shorter than 
in deglutition, especially in the non-cleft palate subjects. These exhibited a 
complete closure in every instance, while only four of the cleft palate subjects 
showed a complete closure of the velopharyngeal aperture. Six cleft palate 
subjects had spacings of varying widths. Table II depicts the widths of the 


TABLE II. WIDTH OF VELOPHARYNGEAL OPENING 





NON-CLEFT PALATE SUBJECTS ——«édL=Ct CLEFT PALATE SUBJECTS 














SUBJECT | DEGLUTITION |soUND (‘‘P’’)| SUBJECT | DEGLUTITION |SOUND (‘‘P’’ 
NO. (MM.) (MM.) NO. (MM.) 


9 ~ 


3 - 
9 : = 
11 - 
21 ‘ 








10 
12 
15 


velopharyngeal openings. The noticeable difference between the simple valve 
action of the velum during the function of consonant phonation and the more 
complicated action during the funetion of deglutition would suggest a more 
forceful and effective muscle action during deglutition than during speech. 
The greater degree of velopharyngeal valving during deglutition shows 
the physiologic potential for full closure of the valve present in the muscles 
involved. Possible goals for muscle training in speech therapy are indicated 
for those cleft palate persons with insufficient velopharyngeal closure during 
speech. This finding harmonizes with the greater difficulty of many operated 
cleft palate subjects in mastering speech than in mastering deglutition. 





me 12 NASAL AND ORAL STRUCTURES DURING DEGLUTITION 153 


In both groups, during deglutition, the tongue moved superiorly and 
steriorly and was applied to the hard palate, velum, and posterior pharyn- 
al wall. An irregularly contoured dorsal surface of the tongue was seen 
most of the eleft palate subjects, rather than the smoothly eurved outline 
en in the non-eleft palate subjects. This may be compensation for the shorter 
tent of the velum. The tongue shows its adaptability by conforming to 
e altered situation. It occupies the space normally filled by the velum and 
obably also takes over a part of the function of the propelling of the bolus 
food, normally performed by the longer velum. 

Contrary to what might be expected, the action of the posterior pharyngeal 

all exhibited a similarity to an astonishing degree in both samples. Anterior 
novement of the posterior wall of the pharynx, which indicates function of the 
pharyngeal constrictor muscles, occurred in varying degrees in all the cleft 
palate subjects and in twenty-two of the non-cleft palate persons. The varying 
level and magnitude of this activity, as shown in the radiographs, could be 
interpreted as a momentary portrayal of the function of peristalsis in the 
musculature of the pharynx. This observation would indicate that action of 
the pharyngeal musculature is an integral part of deglutition, since no solid 
materials were swallowed and yet the peristalsis was stimulated into activity. 
The lack of pharyngeal movement in three of the non-cleft palate subjects cor- 
roborates the theory that considerable individual variations can be found in 
spite of the generally constant basic pattern during deglutition. 

During phonation of the consonant ‘‘p,’’ anterior movement of the posterior 
wall of the pharynx was observed in only two of the subjects with cleft palate 
and three of the subjects without cleft palate. In both groups this function 
was limited to the area of the ridge of Passavant at the level of or above the 
anterior arch of the atlas. The inactivity of the posterior pharyngeal wall dur- 
ing speech provides a dramatic contrast with the anterior movement seen during 
deglutition. The conelusion seems warranted that this muscle action is more 
effective and forceful during the function of deglutition than during speech. 

The hyoid bone moved predominantly anteriorly and superiorly during 
deglutition, although there was a distribution throughout a range from pure 
anterior movement to pure superior movement. During phonation of ‘‘p,’’ the 
amount of the movement of the hyoid bone was smaller and the direction was 
inconstant. The hyoid movement was similar in both cleft palate and non-cleft 
palate groups. 

It was found on the radiographs that only fifteen of the subjects in each 
group swallowed with their teeth occluded. In ten subjects in each sample 
the teeth were slightly separated during deglutition. Swallowing with the 
teeth separated might represent a habitual pattern of deglutition for these 
persons, at least in the swallowing of liquids,** or it might be attributed to 
the unusual conditions during radiography. 

Conclusions regarding movements of the head and cervical vertebrae did 
not seem to be warranted. As mentioned before, these movements occured 
in many subjects, and a compensation was made in superimposing during 
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the tracing procedure. Fixation of the subject into the cephalostat prevented 
natural movements but did not completely prevent incidental movements. The 
ear-rods unavoidably created an abnormal axis for head movement, situated 
above its normal site, the atlanto-occipital joint. 

It was found, by correlating the closure of the velopharyngeal valve during 
phonation of the consonant ‘‘p’’ and by evaluation of speech adequacy done 
at the Northwestern University Cleft Palate Institute, that a positive re- 
lationship was indicated. The quality of speech became more inadequate, with 
respect to nasal emission and nasality, as the opening of the valve became 
larger. The small size of the sample makes statistical analysis of these data 
impractical, and a more detailed study of the relationships of these two factors 
would be desirable. The field of speech was not the main part of these investi- 
gations, and phonation of the sound ‘‘p’’ was added only to permit com- 
parison of the velar and pharyngeal activity in deglutition with the activity 
involved in production of a typical speech sound. 

It has to be taken into consideration in interpreting these data that only 
saliva with a small amount of the contrast medium was swallowed. This re- 
veals the basie pattern of deglutition. The mechanism during swallowing of 
solid substances or larger amounts of liquids might vary from the basic 


pattern. 
The following conclusions from these two investigations are suggested : 


1. Muscle action in both cleft palate and non-cleft palate subjects was more 
effective and more forceful in the function of deglutition than in speech. 

2. The velopharyngeal aperture was closed during deglutition in both 
cleft palate and non-cleft palate samples. During phonation of the consonant 
‘*p,’’ the velopharyngeal aperture was closed in the entire non-cleft palate sam- 
ple, but a number of subjects in the cleft palate sample exhibited openings of 
varying widths. 

3. The shape of the velum differed during the functions of deglutition and 
phonation of the consonant ‘‘p’’ in both groups. 

4. During deglutition the length of vertical velopharyngeal contact was 
markedly less in the cleft palate sample than in the non-cleft palate sample, 
since the velum did not extend as far inferiorly. 

5. During deglutition the dorsal surface of the tongue exhibited a smoothly 
curved outline in the non-cleft palate subjects, while in the cleft palate subjects 
the outline of the tongue was irregular and inconstant. 

6. Anterior movement of the posterior pharyngeal wall along its entire 
length was observed during deglutition, but during phonation of the consonant 
‘“‘p’’ the anterior movement occurred in few persons and was limited to the 
area of Passavant’s ridge. Pharyngeal activity was similar in both groups. 

7. The portion of the cleft palate sample in which phonation of the con- 
sonant ‘‘p’’ was radiographed showed a positive relationship between the width 
of the nasopharyngeal opening and speech adequacy as observed clinically. 
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THE PROBLEM OF THE PREMAXILLA IN BILATERAL 
CLEFT LIP AND CLEFT PALATE 


Oscar E. Beder, B.S., D.D.S., F.A.C.D.,* James Carrell, B.S., M.A., Ph.D.,** 
Herbert E. Coe, M.D., F.A.C.S.,*** and Alton W. Moore, D.D.S., M.S., 
F.A.C.D.,**** Seattle, Wash. 


I ee cogent problem of the premaxilla in bilateral cleft lip and eleft palate, as 
related to occlusion, speech, and esthetics, varies in degree. The success of 
its correction is affected by the conditions that exist when the patient is first seen, 
the means available to control or improve them, and the patient’s desire and 
ability to accept them. 

The controlling factors may be categorized as anatomic and subjective, in- 
fluencing the effect of the concerted efforts of the various disciplines upon the 
desired result. The diverse specialties involved in treatment preferably should 
be brought together as a centralized group clinic. This will permit the mem- 
bers of the team to make a regulated “on-the-spot” examination and evaluation, 
with free discussion, of the conditions and factors as they exist at a particular 
time. The various specialists are thus readily available to institute the phase or 
coordinated procedure that is indicated at any particular time. 

A review of the embryology of the premaxilla recapitulates that following 
the fusion of the frontonasal process with the right and left maxillary processes, 
the free lower surface of the frontonasal process forms the premaxilla or primi- 
tive palate. The palatal processes appear in the sixth week; they grow from 
the maxillary processes mediad and fuse with the undersurface and posterior 
edge of the premaxilla in the eighth week. Bilateral cleft of the premaxilla 
would result from lack of fusion of these processes. 

The objective of surgery is the formation of a firm and complete maxillary 
alveolar process of such contour that normal occlusion will be possible. Suecess 
in attaining this objective poses problems that require a knowledge of pre- and 
postnatal anatomy, physiology, and the forces of growth and development. 

Failure of the frontonasal process to fuse with the lateral maxillary palatal 
processes permits an unrestrained anterior or ventral growth of the frontonasal 
process bearing the premaxilla. This projection can vary markedly in degree. 

From the Cleft Lip and Palate Clinic, Children’s Orthopedic Hospital and the University 
of Washington. 

*Director, Dental Services, Children’s Orthopedic Hospital; Associate Professor, Director 
of Maxillofacial Prosthesis Clinic, Dental School, University of Washington. 

**Professor of Speech; Director of Speech and Hearing Clinic, University of Washington. 
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The least degree occurs when both palatal processes have united with the 
se of the vomer to form a hard palate which is intact with the exception of a 
all triangular opening immediately posterior to the premaxilla. The pre- 
xilla is in almost normal position and is practically immobilized by the fixa- 
n of the vomer to the hard palate. The surgical problem is merely the closure 
the small triangular opening and the minimal alveolar clefts, usually by soft- 
sue flaps. 

In the more usual types, consisting of complete bilateral cleft of the palate 

d alveolar process, the projection of the premaxilla is marked, and the forces 

erowth and development during infaney tend to increase the amount of the 
projection, while the power of the buecinator muscles tends to force the mobile 
ateral segments inward until the ends of the alveolar processes may meet pos- 
terior to the premaxilla. The problem here is to place the premaxilla in as 
nearly normal a position as possible between the ends of the alveolar processes 
before they have been forced too far inward. The vomer begins as a portion of 
the cartilaginous septum of the nose and becomes enclosed by lateral plates of 
hone developing from centers of ossification near its lower edge. In the prenatal 
periods ossification has progressed until the lower edge of the septum has be- 
come completely enclosed in a bony covering which can be felt as a cylindrical 
rod connecting the free premaxilla with the bony posterior wall of the naso- 
pharynx. The surgical problem is to shorten this rod sufficiently to allow the 
premaxilla to be placed in its normal position in the dental arch without direct- 
ing its edge lingually. This ean be done by removing a segment of the rod equal 
in length to the amount of projection of the premaxilla and eutting the cartilag- 
inous septum above the point of removal vertically. The segment is removed 
near the posterior end of the septum; this solves the problem of lingual rotation, 
for the premaxilla ean be set back in its normal vertical position. 

Another problem is recurrence of the projection of the premaxilla due to 
formation of excess bony callus at the site of the excision. This problem is met 
by retaining the premaxilla in position by wire passing around the maxillary 
tuberosities—not by transalveolar wiring, which too frequently dislodges tooth 
buds. This procedure is more traumatie than closure of the lip, and the problem 
is met by developing the infant’s resistance as rapidly as possible and operating 
as soon as satisfactory gain in weight has been obtained. In our experience, this 
time is indieated by a gain of 3 pounds above birth weight and the absence of 





oronasal infections. 

The final surgical problem is stabilization of the premaxilla. This may be 
met in several ways. First, small mucoperiosteal flaps may be brought across 
the alveolar clefts from the anterior edges of the palatal plates to denuded bony 
surfaces of the premaxilla at the time of closure of the lip. Second, a muco- 
periosteal flap may be reversed from the posterior surface of the premaxilla and 
held beneath the anterior ends of the mucoperiosteal flaps from the palatal proe- 
esses with their raw surfaces in contact at the time of closure of the palate. (A 
long-term study of this method is now in progress.) Third, after a fairly large 
bridge of soft tissues has been formed across each alveolar cleft, the bridge may 
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be laid open, periosteal flaps raised from the sides of the alveolar cleft, the cleft 
packed with periosteal chips from any membranous bone (such as the rib), and 
the openings in the soft-tissue bridges closed over the chips. The success of this 
method requires stabilization of the sides of the clefts by orthodontic appliances 
during the period of development of the solid bony bridges; hence, this method 
will be used only after eruption of the teeth. The problem of preventing infec- 
tion of the periosteal-chip bridge requires most careful aftercare. 

Speech defects associated with abnormalities in the central segment of the 
upper dental arch are exclusively articulatory, and defective resonance is never 
a source of difficulty. Speech defects attributable to maxillary defects alone 
(excluding considerations of defects arising from any associated cleft of the 
velum and assuming that the patient is postoperative) will be confined to the 
fricative, affricative, and plosive sounds. While the general principles which 
apply can be enumerated with relative certainty, it is necessary to recognize that 
individual patients may show speech deviations in the presence of minimal max- 
illary deformity or have excellent speech in the face of gross deformity. This 
situation arises largely because of the facet that, within rather wide limits, there 
can be found compensatory lingual and labial movements or adjustments which 
result in acoustically good articulation. The reasons why one patient, without 
training, will make such compensation while another will not are not always 
fully understood. 

In general, defective articulation results when the maxillary deformity and 
associated dental malocclusion make it difficult or impossible for the patient to 
create the necessary fricative or plosive sounds. Mention may be made first of 
the labial plosives p and b; for these, the lips must be brought together to im- 
pound the breath, which is then released to create a plosive sound. Any condi- 
tion that interferes with such labial occlusion may, therefore, affect these sounds. 
Labiodental occlusion is a common substitute, but this may be undesirable from 
both a phonetic and an orthodontie point of view. 

Certain of the speech sounds involve contact between the teeth and either 
the tongue or the lower lip. The sounds f and v, termed labiodentals, are made 
by placing the vermilion border of the lower lip in light contact with the incisal 
edge of the upper incisors; a friction noise is created when the breath is foreed 
through this occlusion. Defective articulation may be the result of an eden- 
tulous area in the upper central area or of a relationship between the upper and 
lower arches which is so grossly abnormal as to interfere with labiodental con- 
tact. The th sounds (voiced and unvoiced) are linguodentals produced when 
the flattened tongue tip is placed in light contact with the incisal edge of the 
upper incisors or when the front of the tongue is flattened against their lingual 
surface. Therefore, these sounds are most commonly defective in edentulous 
patients, although there may be other easily recognized conditions in which the 
linguodental contact is difficult or virtually impossible. 

Another group of sounds consisting of s, z, sh, and zh, often called sibilants 
or linguo-alveolar phonemes, requires that the breath stream be directed against 
the anterior part of the palate, the alveolar process of the premaxilla, and the 
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ngual surface of the upper incisors. Articulation difficulties on these sounds 
e very pervasive when the mouth structure is disturbed. When the patient is 
»artially or completely edentulous in the upper central area, the friction sound 
.ometimes eannot be created adequately. If the overjet is too great, an adequate 
ietion sound is again impossible. Compensations may be effected by directing 
e breath posterior to its normal point or lateral to any abnormal opening in 
ie bite. The affricates ch and j may be thought of as combinations of ¢ and 
h and d and zh, respectively, and hence will be affected as are sh and zh alone. 

The most troublesome articulation difficulties arise in those cases in which, 
anteriorly, the mandible is prognathic. This occurs particularly as a character- 
istic in the patient with lip-jaw clefts, of course, where tongue size is dispropor- 
tionately large in relation to the space remaining in the upper half of the oral 
cavity. Here the linguodental sounds are not likely to be affected, but the labio- 
dental sounds may be. In line with the previous discussion, the sibilants may be 
thought of as postdentals, since the tip of the tongue must be adjusted behind 
the upper teeth. Hence, in cases of prognathism or maxillary deficiency, as is 
common in clefts, gross distortions of these sounds may result from the patient’s 
inability to position the tip of his tongue behind the upper teeth. As a corol- 
lary, speech may be a secondary problem in prosthesis designed for masticatory 
funetion in eleft-palate cases, since often the postdental space is necessarily en- 
croached upon. In all of these cases compensatory movements for speech charac- 
teristically prove very difficult. 

The remainder of the plosive and fricative sounds present difficulties much 
less frequently. The plosives k and g require contact between the dorsum of 
the middle to posterior third of the tongue and that portion of the roof of the 
mouth immediately above. It is possible that extreme contraction of the upper 
arch might interfere with such contact, but it is doubtful that this will ever be 
seen clinically. The sounds ¢ and d normally are made with the anterior part of 
the tongue in contact with the surface of the alveolar ridge behind the upper 
central incisors, but a satisfactory sound can be made with a more posterior con- 
tact.. The sound h is a simple friction sound created by juxtaposing the vocal 
folds while breath is forced between them, while wh is a labial fricative sound 
not often affected by dental conditions. While no discussion of the point is nec- 
essary, it should be stressed that the same careful distinction must be made be- 
tween primary and secondary speech defects in these cases, as will be mentioned 
in the discussion of velar insufficiency. 

The dental phase may involve procedures in restorative dentistry, oral sur- 
gery, orthodonties, and prosthodonties. Teeth that are to be retained should be 
restored to health by means of the indicated replacement, including the amalgam 
or gold filling and the prefabricated or cast crown. At times one or more condi- 
tions may make it necessary to sacrifice one or more of the maxillary incisors. 
Some of the indications for this would be an abscess of the tooth, inadequate 
bony support, and malocclusion or displacement beyond the limits of orthodon- 
ties. In other instances, the premaxilla itself cannot be retroposed sufficiently, 
and thus is too far ventrad and/or protracted and must be reduced in bulk by 
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surgical intervention in order to permit the fabrication and insertion of a pros- 
thesis. This decrease in dimensions may be in a vertical or a labial direction, 01 
both. 

Orthodontics comes into play when it is desirable or necessary to move mn 
dividual teeth, groups of teeth, or segments of the arch into a position that will 
ensure greater ability to masticate, improve speech function and estheties, 01 
better position or contour the teeth for the retention of prosthetic appliances. 
Orthodontic appliances are also used in selected cases to open up the suture area 
that has been inhibited in its development by formation of excessive sear tissue. 

Contraindications for orthodontic therapy are determined by the health of 
the teeth and the tissues supporting the teeth, the availability of bone in the area 
into which it is desired to move the teeth, and the number of remaining per- 
manent teeth. The desirability of orthodontic care in any given case can be 
determined only after all the advantages and disadvantages of such therapy 
have been weighed against other types of therapy (namely, prosthetic restora- 
tions and corrective surgery) which may produce a similar result. Thus, in 
eases in which only minimal improvement would be attained by orthodontic 
therapy, other procedures are instituted. 

The prosthesis, as its name implies, is an artificial device used to replace 
missing structures in the body. Its dental purpose is to emend the oral strue- 
tures to the degree dictated by the factors controlling the prosthodontic treat- 
ment plan and appliance construction. In eleft-lip and ecleft-palate prosthodon- 
tics, the prosthesis is essentially a removable partial or complete denture. Some- 
times the planned fixed partial denture is used as an adjunct to the removable 
partial denture. 

In addition to its being an aid to speech, the prosthesis is used to restore or 
improve the functions of mastication and gustatory pleasure and estheties, with 
concomitant effects upon vocation and morale. The order of importance of these 
functions will vary with the individual patient, but it is obvious that improved 
speech and esthetics are greatly desired by most patients or their parents: 

The design of the appliance is influenced by the anatomic structure and 
relationship of the premaxilla. Thus, the number of teeth remaining and the 
position of the premaxilla as related to the maxillae—that is, normal, retracted, 
or protracted—would be examples. 

Continuous tooth contact is incorporated into the design of the major con- 
nector to provide the features of a retainer plate if these are needed. This 
would prevent relapse in cases in which there had been expansion of the arches 
as well as movement of the teeth. 

The maxillary prosthesis indicated at a particular time for habilitation of 
the patient would include one of the following: 

1. Space maintainer. 

2. Temporary or primary type of appliance, with or without lip 

plumper. 

3. Permanent type of appliance, with or without lip plumper. 
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4. Speech appliance incorporating a velar bulb, with or without a lip 

plumper. 
5. Modified obturators, sometimes used with auxiliaries. 
When the maxillary incisors are missing, the patient’s growth potential will 
termine whether a temporary type or a permanent definitive type of appliance 
to be fabricated. If replacement or modification will be required at various 
tervals because the child is in a phase of active growth, or if the patient is in 
need of a transient appliance during stages of surgery, the temporary type 

sually made of plastic with wrought wire clasps is indicated. The permanent 

pe of appliance is fabricated when growth has become stabilized; it is of gold 
or chrome alloy combined with plastic. If a patient presents with a retruded lip 
or a collapsed underslung vermilion lip area, a plumper is added to the appli- 
anee to restore contour to the degree permitted by cicatricial attachment and 
length and width of the lip. The plumper may also act as a scaffolding for sub- 
sequent plastic revision of the lip. 

In some postsurgical cleft-palate patients there exists a velar insufficiency 
per se or one due to the removal of portions of the tonsillar ring. Disorders of 
speech function associated with velar insufficiency can be classified into two 
categories: (1) defects arising from faulty resonance of the speech sounds and 
articulation defects that result from insufficient intraoral breath pressure. 
A brief explanation of the functioning of the velum palatinum in speech is 
necessary. In all voiced sounds in speech, the vocal note produced by the vocal 
folds within the larynx is resonated or reinforced in the cavities of the throat 
and head, particularly the pharynx, oral cavity, nasopharynx, and nasal pas- 
sages. If the soft palate is relaxed so that the opening between the oropharynx 
and the nasopharynx is patent, the acoustic result is a vocal tone which the 
listener perceives as having a nasal quality or timbre. On the other hand, if 
the soft palate and other components of the velopharyngeal sphincter mechanism 
are contracted so that little or no breath passes into the nasopharynx and nasal 
passages, the resonance properties of the cavities are such that the tone has 
orality, or an absence of nasal resonance. 

The same action of the velopharyngeal sphineters is needed for fidelity in a 
major group of English speech sounds which may roughly be classified as the 
consonants. Acousticaly, these sounds are produced as characteristic patterns of 
frieative and plosive “noises” created when the breath stream is directed, with 
adequate pressure, against various soft and hard surfaces within the mouth. 
The tongue and lip posture or movement that molds the breath stream is, of 
course, a neuromuscular pattern which is distinctive for each of the speech 
sounds, or phonemes. Faulty velopharyngeal function which prevents the de- 
velopment of adequate intraoral breath pressure will, therefore, make the normal 
articulation of these sounds difficult or impossible for the patient. 

More specifically, resonance defects or conspicuously unpleasant voice qual- 
ity may be noted on all voiced speech sounds except the three nasals of English 
speech. These latter sounds are those commonly spelled with the letters m, n, 
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and ng (as is man, no, and sing), although it should be noted that many words 
spelled with n have the ng sound, as in ink or think. Nasal resonance is norma! 
in the three English nasals (and in other nasal sounds in languages other than 
English), but it is minimal or absent in other voiced speech sounds. In general, 
undesirable nasal quality will be most obtrusive on the vowels, dipthongs, and 
certain semivowels (/ as in look, y as in you, r as in run, and w as in we). These 
sounds are identified by the listener on the basis of their resonance properties, 
and intraoral breath pressure is not a major consideration. 

Roentgenographic and other studies show that velopharyngeal closure must 
be complete, or nearly so, if an undesirable degree of nasal resonance is to be 
avoided. On the other hand, judgments as to what constitutes excessive nasality 
are highly subjective and, from a practical point of view, a substantial amount 
of such resonance can be tolerated without handicapping the patient if the ar- 
ticulation is otherwise good. The examiner must be aware, also, that a vocal 
quality which commonly is identified as nasal may arise from sources other than 
velar insufficiency. Without going into detail, the quality termed nasality is the 
result of cul-de-sac resonance (in which a relatively small air-filled resonator is 
coupled to one of greater size), and certain abnormal tongue postures and con- 
strictions of pharyngeal musculature may lead to the same acoustie end result as 
faulty velopharyngeal closure. This latter consideration must always be borne 
in mind, of course, when the patient’s speech is being evaluated. 

Defects of articulation based on insufficient intraoral breath pressure are 
typically much more conspicuous. Sounds likely to be involved are (1) frica- 
tives, (2) affricates, and (3) plosives. The fricatives, produced by breath friec- 
tion against a hard or soft mouth surface, are (to give common spellings) s as in 
see, z as in zero, sh as in shoe (the preceding group may be called sibilants), 
th as in think (unvoiced), th as in that (voiced), f as in fat, v as in very, h as in 
hot, and wh as in what. The affricates, which phonetically are combined frica- 
tive-plosive sounds, are ch as in chicken, and j or g as in judge or gesture. The 
plosives are p as in pat, b as in boy, t as in to, d as in do, k as in keep, and g as 
in go. Of the foregoing, the following are produced without voice: s, sh, f, one 
of the th sounds, h, wh, ch, p, t, and k; the remainder, being voiced, may be de- 
fective in both resonance and breath pressure. It might be suggested that, be- 
cause of the inconsistencies in English spelling, the examiner should train him- 
self to think strictly in terms of the sounds that he actually hears. 

The primary result of poor velopharyngeal closure, and hence inadequate 
intraoral breath pressure, will be underarticulation of the fricative, affricative, 
and plosive sounds and an adversely conspicuous friction noise as the breath, 
obstructed by the tongue or lips, escapes through the nose. At the same time, 
cognizance must be taken of the fact that in typical individual patients the 
most obtrusive speech deviations may be secondary, or only indirectly related 
to inadequate velopharyngeal closure. Unfortuately, attention must be called to 
the fact that many young patients with cleft palate have defects which would 
have been present in any case, such as persistence of infantile speech, but which 
are mistaken for primary cleft-palate errors. Again, an indirect result of velar 
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insufficiency may be that the patient distorts sounds by producing them in non- 
standard ways or fails to attempt certain sounds; presumably these faulty pat- 
rns arise unconsciously because of difficulty which the child experiences in 
developing normal speech sounds. Of great clinical importance is the fact that a 
eh proportion of patients with velar clefts also have hearing losses which in- 
rfere with speech learning. Often there are conspicuous accessory facial 
orimaees, probably intended to be compensatory, associated with speech. Finally, 
emotional faetors influencing the communicative process are frequently of the 
\itmost importance. 

Clinically, therefore, the speech evaluation must break down the defects of 
resonanee and articulation errors due to inadequate breath pressure and must 
urther define carefully the primary and secondary defects and their admixture. 
There is reason to fear that on oceasion surgical and dental measures intended 
to improve speech prove of little avail because of failure to make such analysis. 
Likewise, poor speech may obtain when surgical and dental techniques have been 
entirely adequate, and this is very frequently the case. 

As the earlier discussion implies, the speech criteria for adequacy of velar 
function is that it be capable of contributing its normal physiologie function to 
the process of velopharyngeal closure. This latter, of course, consists of back- 
ward and upward movement of the velum palatinum, combined with sphincteric 
action of certain pharyngeal muscles. The sources of poor postoperative velar 
funetion are well known: inadequate length and insufficient movement caused 
by funetional weakness, immobility due to cicatrization or excessive tension and, 
very rarely, apparent interference with nerve supply. 

When one is faced with a patient having primary speech errors related 
to velar inadequacy, the choices in procedure are limited. In some instances in 
which the palate is of moderate length and mobile, compensatory action of the 
pharyngeal muscles can be developed. Muscle training is always the first re- 
course when functional weakness is suspected. When the palate is short but 
mobile, or potentially so, a retropositioning operation or other secondary sur- 
gery, such as the pharyngeal flap, may provide an improved base for speech func- 
tion. A speech prosthesis is always an alternative in such cases. When the 
palate is immobile because of cicatrization or tension, secondary surgery is not 
usualy indicated (excepting possibly the pharyngeal flap), and a speech pros- 
thesis is more often a better choice. At all times, of course, there must be a 
realistic appraisal of how much improvement in speech function is actually 
needed and of whether or not the anticipated gain justifies the projected 
surgical or dental procedure where speech is the sole consideration. 

When further surgical correction is contraindicated, a velar bulb is used. 
This artificial replacement of the missing musculature is constructed to the de- 
gree necessary to complete the velopharyngeal valving. At our clinie we use the 
plastic fixed type. This enables the inadequate speech pattern to meet fune- 
tional requirements for speech production. 

Occasionally, some patients present at our clinic with defects of the hard 
palate in the region of the premaxilla in conjunction with or without maxillary 
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teeth. When there is a problem of retention or leverage, the design of the pros 
thesis must be modified. It may be necessary to obturate the palatal hiatus and 
(if the speech is within broad acceptable limits) to omit the velar bulb in order 
to eliminate its lever action upon the anterior portion of the appliance. In other 
eases, auxiliary springs are used in conjunction with a mandibular appliance to 
provide retention when the other factors for its development are inadequate. 
After the appliance is inserted, it is not a eatholicon. Adjustments and corree- 
tions may be required. 


CONCLUSIONS 


Patients presenting with clefts involving the premaxilla require the com- 
bined planned efforts of the various disciplines of a cleft-lip and cleft-palate 
team. The habilitation procedure at different periods may involve plastie sur- 
gery, speech therapy, orthodonties, oral surgery, restorative dentistry, or pros- 
thodonties. The treatment plan at any phase should attempt to augment that of 
another phase that may be indicated later; therefore, it must be long range in 


scope. 
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SURGICAL EXCISION OF MINIATURE SIALOLITHS IN 
WHARTON’S DUCT 


Hiarold Baurmash, D.D.S., and Louis Mandel, D.D.S., Bronx, N. Y. 


HE surgical approach to the extirpation of small sialoliths in Wharton’s 

duct ean be fraught with difficulty for the unsuspecting surgeon. The ease 
vith whieh larger concretions are removed has often led to a feeling of false 
security on the part of the operator. Nevertheless, the surgical eradication 
of single or multiple diminutive stones most assuredly presents difficulties. 
Therefore, it is the aim of this article to set forth a simple, rational surgical 
technique for the treatment of small nonpalpable salivary stones obstructing 
the submaxillary duet. 

The clinical symptomatology, related pathology, and possible sequelae of 
sialoliths involving Wharton’s duct have been thoroughly discussed in the 
literature. Neither the diagnosis nor the preoperative and postoperative man- 
agement of such conditions presents serious problems to the practitioner. The 
major challenge to be surmounted is one of localization. The enigma results 
from the facet that the floor of the mouth is a three-dimensional, highly mobile 
operative area lacking the benefits of fixed anatomic landmarks. 

Except as a means of demonstrating the presence or absence of calecifiea- 
tions, roentgenography is of little aid. The occlusal roentgenogram is limited 
in value for several reasons. The roentgen film is merely a flat plate and 
consequently lacks the quality of depth perception. Furthermore, there are 
no normal radiopaque structures in the floor of the mouth to which the posi- 
tion of a stone ean be accurately related. Use of this x-ray view to pinpoint 
the object in question, is probably misleading to the observer, for at this time 
the mouth is closed and the tongue is depressed. The radiographic position 
of the stone relative to existing teeth and/or the medial aspect of the body 
of the mandible is certainly altered during surgery when the mouth is open, 
the tongue is deflected, and the oral floor is raised. 

The one and only constant factor is that the calcification remains either 
completely or partially within the confines of the submaxillary duct. There- 
fore, with the exception of anteroposterior displacement, if the sialolith does 
move, it will do so only in conjunction with the duct. Herein lies the basis 
‘or the proposed procedure. The aim is to dissect Wharton’s structure, isolate 
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it, and subsequently remove the stone or stones. This can be accomplished 
by immobilizing that portion of the oral floor and duct to be exposed, confining 
the limits of the stone anteroposteriorly, and dissecting out the duct rather than 
blindly searching a maze of mobile soft tissue for the elusive stone. 


PROCEDURE 


The immobilization of the operative site as well as the confinement of th« 
stone is accomplished by the placement of two deep sutures, one anterior and 
one posterior to the calcification. The sutures can be accurately inserted if 
they are made radiopaque by impregnation with an iodinized oil and then their 
position is checked with an occlusal film. 


_ Fig. 1.—Cross section of anterior floor of mouth demonstrating the relationship of the 
Plica sublingualis (A) to the sublingual gland (B). Note position of suture ligature placed 
around Wharton’s duct. 


Two anatomic features of the area can be exploited in circumscribing the 
duct. The plica sublingualis is an elevated crest of mucous membrane caused 
by the oral projection of the sublingual gland and is located in the floor of 
the mouth along the lateral border of the tongue posterior to the lingual fre- 
num.’ It ean be utilized as a guide, since it closely approximates the antero- 
posterior course of the duct and is located in a plane directly above or slightly 
lateral to the pathway of Wharton’s duct (Fig. 1). Secondly, since the duct 
progressively ascends as it courses anteriorly from the gland to its orifice,’ 
the depth to which the suture must be placed ean be readily reckoned (Fig. 2). 


Once the anterior suture has been inserted, it is a simple matter to estimate 
the position for the posterior ligature. The rear suture is tied tightly to pre- 
vent the stone from slipping posteriorly while the forward suture may be only 
loosely applied. By keeping the sutures of sufficient length, it is possible to 
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vyasp them manually, thus raising the operative site and making it taut. In 

ddition, extraoral pressure under the floor of the mouth will aid in elevation 
the area that is to be surgically explored. The sutures and the external 

mpression facilitate a more accurate and simple dissection of the area. 
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Fig. 2.—Longitudinal sketch of floor of mouth portraying ascent of Wharton's duct. 


Fig. 3.—Intraoral sketch of oral floor demarcating initial incision line. 


After these preliminaries have been accomplished, an incision through the 
mucous membrane is begun along the anterior aspect of the suture-demarcated 
operative zone. Here the duct is relatively superficial in relation to the mucous 
membrane of the floor of the mouth. The incision is made lateral and parallel 
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to the plica. A lateral approach has the advantage of offering better visibility 
and access without interference from the tongue (Fig. 3). Furthermore, it 
eliminates the hazard of encountering any strategic anatomic struetures othe: 
than the sublingual gland. Anatomically, there are no major vessels or nerves 
present between the major portion of the submaxillary duet and the media! 
surface of the mandible. 
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Fig. 5. 


Fig. 4.—IExtraoral appearance. Note swelling of left submaxillary and submental area. 
Fig. 5.—Intraoral appearance demonstrating sublingual swelling. 


Initial localization of Wharton’s duct is obtained by means of blunt dis- 
section. Subsequent to this primary ductal visualization, the incision is length- 
ened posteriorly to the rear suture and the remaining involved portion of the 
submaxillary duct is isolated via further blunt dissection. It then becomes a 
relatively simple matter to remove any stone or stones located within the-ductal 
confines by a longitudinal incision into the superior ductal wall. 
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The following case report illustrates the technique proposed by the fore- 
ng presentation. 


SE REPORT 

A. L., a 30-year-old Negro man, was referred because of an acute left submaxillary 
idenitis and a secondarily associated left sublingual abscess (Figs. 4 and 5). An occlusal 
itgenogram revealed the presence of two small salivary stones, each measuring about 
im. in diameter. The calcifications were approximately 6 mm. apart from one another 
appeared to be situated at about the middle third of the duct (Fig. 6). 





Fix. 6.—Preoperative occlusal radiograph revealing the presence of two diminutive calcifica- 
tions in the oral floor (arrows). 


Clinically, gross pus was evident in the left side of the floor of the mouth. This neces- 
sitated an intraoral incision and drainage and antibiotic therapy (penicillin). With the sub- 
sidence of the acute symptoms, surgical removal of the stones was planned. 

As a preliminary to surgery, a deep suture was placed around Wharton’s duct, ante- 
riorly to the most forward stone. By soaking a silk suture in Ethiodol* (ethyl ester of 
iodinized fatty acids of poppyseed oil), radiopacity was obtained and accurate positioning 
could be confirmed by an occlusal x-ray view (Fig. 7). With the plica and the anterior 
suture as landmarks, a second ligature was then inserted around the duct approximately 
2 cm. behind the initial one. This posterior suture was tightly tied, causing a constriction 
of the enclosed duct and adjacent soft tissues. As a consequence, application of tension 
'o both sutures permitted the raising and immobilization of the operative site, in addition 
to the isolation of the sialoliths (Fig. 8). 

When the preparatory steps were completed, an incision 1 em. in length was made 
‘rough the mucous membrane of the oral floor, commencing just behind the anterior suture, 


*E. Fougera and Company, Hicksville, New York. 
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7.—Preoperative occlusal view indicating placement of radiopaque anterior suture (ar- 
rows). 


Fig. 


Fig. 8. Fig. 9. 


Fig. 8.—Preoperative intraoral appearance following placement of localizing sutures 
(anterior and posterior). 

Fig. 9.—Operative view with Wharton’s duct exposed and drawn superiorly by means 
of a retracting suture. 
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| extended posteriorly. This incision was aligned lateral but parallel to the plica sub- 


gualis. 

By means of careful blunt dissection, the duct was visualized medial to the line of 
ision in a relatively superficial position. The duct was then segregated, and a retracting 
ture was placed around the structure (Fig. 9). By withdrawing the duct from the sur- 
nding soft tissue, it was a relatively simple matter to extend the area of exposure almost 


40 50 


Fig. 10.—Two sialoliths recovered from Wharton's duct. 


Fig. 11.—Postoperative true occlusal roentgenogram. 


Upon completion of this surgical dissection, the two stones were 


to the posterior suture. 
A postoperative occlusal film confirmed the suc- 


located rapidly and removed (Fig. 10). 
cessful recovery of the calcific masses (Fig. 11). 
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COMMENTS 


The key to success depends on the utilization of radiopaque loealiziny 
sutures. At the time of the actual surgery, no acceptable preformed radiopaqu: 
ligature was known to be available. A taut wire would have the disadvantag: 
of cutting through soft tissues. Therefore, such a material was synthesize: 
by soaking an ordinary silk suture in an iodinized oil for several days. Ethiodo| 
was chosen since this contrast medium does not evoke a granulomatous reac 
tion if retained within the tissues. Media containing poppyseed oil or peanui 
oil are contraindicated because of this unsatisfactory aspect. The one disad- 
vantage noted in the immersion of a silk suture in contrast medium was thi 
short-lived radiopaque quality of such a combination. Once inserted into the 
mouth, the bathing action of the saliva led to the rapid dilution and dissipa 
tion of the contrast solution and consequent diminution of its ability to block 
the passage of x-rays. This, in turn, necessitated a hurried x-ray technique 
and eliminated prolonged utilization of the diagnostic suture. 

Subsequent communication with the Ethicon Suture Laboratories, Ince., 
New Brunswick, New Jersey, revealed the existence of an inert radiopaque 
suture made by braiding silk thread around a core of thin wire. This product 
undoubtedly should fulfill all the requirements without any of the aforemen- 
tioned disadvantages. 


SUMMARY 


A simplified rational approach to the successful removal of small salivary 


stones is proposed and described. The basis of the procedure lies in the accurate 
localization and dissection of Wharton’s duct. 
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DIAGNOSIS OF MANDIBULAR FRACTURES BY AUSCULTATION 
WITH PERCUSSION 


ish Robinson, D.D.S., M.D.,* Santa Monica, Calif. 


‘TRODUCTION 
T HE presence of a fracture of the mandible can be determined by the ausculta- 
tion-pereussion test. With a little practice, the oral surgeon can master this 
simple procedure. This diagnostic technique is of added value in those cases in 
which roentgenographie examination must be delayed. It also gives added in- 
formation to the radiologist for his study. This simple type of examination can 
be used in a negative way in those cases of trauma to the jaw in which the 
surgeon believes that a roentgenographie examination is not necessary. 


METHOD 
The bell of the stethoscope is placed firmly over the symphysis, and the 
patient is instrueted to hold it. This leaves the right and left hands of the 
examiner free to pereuss. Three taps are given alternately on the right and 
left sides. The examiner taps over the zygomatic arches first, then over the 
condyles, and finally over the angles. If there is loss of bone continuity between 
the area of pereussion and the symphysis (area of auscultation), then the 
examiner will hear a dull note. This test should be done without the teeth in 
contact. In a tooth-contact position, the larger bone mass of the upper jaw and 
ealvarium vibrate at a lower frequency. Variations in this procedure are 
evident. In a ease involving fracture of the symphysis, the bell of the stetho- 
scope ean be placed alternately to the right and left of the midline while the 
examiner is pereussing over the temporomandibular joint and angle areas. 


COMMENT 


Possibly the very simplicity of this diagnostic method is a deterrent to the 
student’s becoming proficient. Attention should be given to the five factors 


involved in elinieal success : 

1. The ear. Any surgeon with normal hearing acuity can ‘‘edu- 
cate’’ his ear to differentiate between the transmission of sound through 
uninterrupted bone and through a fractured bone. It has been my ex- 
perience in teaching students that they do not listen long enough. They 
expect to complete the test in the same short time needed by the 
‘‘edueated’’ ear. 


....,. Professor of Oral Surgery, University of Southern California School of Dentistry; 
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2. The stethoscope. Either the bell or diaphragm type may be used. 
The former is designed for low-piteched heart murmurs and the latter 
for high-pitched ones. The ear plugs should be comfortable and should 
fit closely. A common mistake is to have plugs that are too small or 
to have a strong spring causing discomfort. The tubing should be as 

short as practical, with a thick wall and large bore. 


3. Background noise. The room should be quiet enough to permit 
the surgeon to interpret correctly the sounds elicited. 


4. Percussion technique. The strokes require automatic delivery,” 
as the surgeon’s entire attention is concentrated on listening. The pad 
of the middle finger is used as the plexor. The stroke should imitate a 
piano hammer. It should be of a perpendicular, quick-rebounding 
type. The quicker the pereussing finger is withdrawn after striking, 
the clearer will be the note obtained. One should strike from the wrist, 
with the wrist completely relaxed. The pad of the middle finger is 
used. The pereussing finger is bent at right angles. Uniformity of 
force is mandatory on the right and left sides. 

5. Auscultation technique. The surgeon’s whole attention should 
be concentrated on listening. The art depends not only upon the selee- 
tive concentration of important sounds but also upon a knowledge of 
what extraneous sounds to disregard. The auseultator should be in a 
comfortable position. I prefer to close my eyes after the first series of 
percussion notes to avoid any visual distractions. 


SUMMARY 


The auscultation-percussion diagnostic test for fractures of the mandible 
is presented. The presence of a fracture of the mandible can be determined by 
its properties as a sound conductor. <A stethoscope is placed firmly over the 
symphysis, and then the areas over the right and left zygomas, condyles, and 
angles are struck lightly with a finger. The sound of the blow is conducted 
downward through the bony substance of the mandible. Since transmission of 
sound through dense bone is more efficient than through less dense soft tissue, 
any break in the bony column will result in a decrease in the transmission of 
the sound. 

Comment is made on the simplicity and value of this diagnostie aid. The 
factors involved in its execution are discussed. 
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EXODONTIA 


HEADACHE AND THE SOURCE OF PAIN 


Robert A. Atterbury, B.S., D.D.S.,* and Sunder J. Vazirani, D.D.S., 
F.I.C.D.,** Chicago, Iil. 


EADACHES and facial pain often present a perplexing problem, not only 
H to the patient but also to the physician. The latter should be aware that 
the teeth may be the source of pain, and in some this may be a factor. Wolff,’ 
a noted neurologist, in his recent article contends that only a very small per 
cent have head pains because of defects in their teeth. 

Early recognition of the presence of impacted teeth and proper surgical 
intervention will eliminate most of the complications for which impacted teeth 
are responsible. An example of this is presented in the following report of a 
case in which an impacted tooth caused persistent headaches. 

Impacted teeth may cause vague and variable discomfort, sometimes com- 
pletely symptomless. These teeth are often malformed and malpositioned, 
hidden completely or partially by bone and soft tissue. Thus, they may cause 
discomfort by pressure on the mandibular or maxillary nerves or on adjacent 
teeth, even rarely causing exposure of the pulp of the adjacent teeth. In 
some instances impacted teeth are associated with cysts. In the case of facial 
pains and headaches, routine x-ray studies of the jaws and teeth should be 
considered to rule out dental pathology: The technique for removal is de- 
termined by the size and location of the impacted teeth in that area. 


CASE REPORT 
Chief complaint: Patient J. E., a 19-year-old boy, was referred to the 
oral surgery eclinie on Dee. 4, 1957, by his dentist for the removal of an im- 
pacted maxillary premolar. 
History: The patient had been complaining of attacks of severe headaches 
for a period of two years. His attending physician could find no condition 
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except the impacted tooth to which he could attribute the headaches. The 
physician insisted that this tooth be removed. The patient’s history, personal 
and family, was noncontributory. 


Fig. 2. 


Figs. 1 and 2.—The occlusal and periapical dental roentgenograms demonstrate a hori- 
zontally impacted, unerupted premolar in the left palatine region. Note an area of rare- 
faction over the crown portion. 


Oral examination: The checkup revealed a full complement of teeth, with 
the exception of the left upper first premolar which was missing. Although 
oral hygiene was adequate, the need for a prophylaxis was apparent. The 
teeth were in a good state of repair. A slight, firm bulging was noted in the 
left palatal premolar region. 
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General physical findings: General physical findings were normal. 


Clinical impression: The impression was that of a horizontally impacted, 


erupted maxillary premolar with a possible cystic lesion. 
Laboratory examinations, including routine blood 


Laboratory findings: 
There were no apparent tissue anomalies. 


ts and urinalysis, were normal. 


Roentgenographic examination: The occlusal and periapical dental roent- 


nograms demonstrated a horizontally impacted, unerupted premolar in the 


't palatine region. The tooth was completely imbedded in bone and lying 


etween the molar roots. An areé 
ortion and resembled a cystic lesion. 


of rarefaction was visible over the crown 
Resorption was observed in the ad- 
jacent premolar root (Figs. 1 and 2). 

Operative treatment: On Dee. 13, 1957, the patient was prepared for 
Preoperatively, 100 mg. of Seconal and 1/150 gr. of scopolamine 
After one hour, in the supine position, the patient was 
A bilateral palatine block was 


surgery. 
were administered. 
prepared and draped in the usual manner. 
viven, following induction of loeal anesthesia with 1.5 per cent Primaeaine. 


Fig. 3.—Gross specimen consists of a premolar and a detached follicle. 

The incision was made with a #11 blade, freeing the attached gingivae from 
the left palatal aspect of the teeth. By blunt dissection, the mucoperiosteum 
was elevated and retracted from the left cuspid-second molar region. A gauze 
pack was placed in the mouth to prevent aspiration of blood. The palatal 
hone was visualized. The tooth was embedded under thick cortical bone, 
which was eut away with a sharp diamond eutting burr. The overlying bone 
was thus removed, and the tooth was visualized. Tissue resembling a cystic 
sac enveloped the crown and was enucleated in toto with the blunt end of a 
curette. The tooth was delivered with the help of a Potts elevator. The 
palatal root of the second premolar showed evidence of resorption. The wound 
was irrigated with warm saline solution. The palatal mucoperiosteum was 
pproximated and, through the interdental spaces, sutured to the labial mucosa 
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with 00000 nylon suture material. A petrolatum gauze pack was placed as a 
pressure dressing to prevent a hematoma and postoperative swelling. The 
pack was retained with 0 braided black silk through the interdental spaces. 


Postoperative treatment: Instructions for postoperative care ineluded 
(1) clear liquids for two days, (2) sedation for pain, (3) ice bag over the face, 
(4) bed rest, and (5) oral rinses with warm saline. No antibiotics were 
prescribed. The patient was discharged to go home with his parents. The 
specimen was sent for histologic examination. 


Fig. 4.—Photomicrograph showing “follicular cyst.” 


Postoperative course: The pack was removed on the third day. The 
wound was irrigated with warm saline and showed a normal healing. The 
remaining gingival sutures were removed on the tenth day. Recovery and 
healing were uncomplicated and uneventful. The wound healed completely 
in twenty days. 

Pathologic report: The formalin-fixed specimen (Fig. 3) consisted of a 
premolar and a detached follicle which together measured 2.5 by 1.6 by 1.2 em. 
A thin, hypoplastic defect encircled the crown of the tooth midway to the 
cervical line. 

The microscopic examination of the specimen showed it to consist of a 
thick, collagenous, connective-tissue wall, rich in nuclei and showing occ¢a- 
sional hemosiderin crystals. Toward the lumen were small aggregates of 
plasma cells and lymphocytes. The lumen was partially lined by remnants 
of a stratified squamous epithelium (Fig. 4). A few bone spicules were present. 


Diagnosis: Follicular cyst, secondarily infected. 
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Follow-up: The six-month follow-up and postoperative radiographs (Figs. 

ind 6) showed normal findings and healing, and the patient was asympto- 

natie. The patient is free of headaches and is being seen periodically by his 
vsician. 


Fig. 5. 


Fig. 6. 


Figs. 5 and 6.—Postoperative roentgenograms show complete removal of impacted premolar 
and cyst and reveal normal healing. 
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PERIODONTIA 


RELATIONSHIP OF pH TO CALCULOUS PRECIPITATION 


Harvey Lash, D.D.S., M.D.,* and David Levine, M.D., Cleveland, Ohio 


ost physicians, if asked to name the most common disease afflicting man- 

kind, would answer “upper respiratory infection,” or the so-called com- 
mon cold, and this is perhaps a valid conclusion in the adult. However, as 
pointed out by Robinson** and others, for the age period between 4 and 25 
years the incidence of dental caries is double that of the common cold. This 
may be the chief reason that research in recent times has been concentrated so 
heavily on control of caries, with dangerous neglect of periodontitis or so-called 


pyorrhea, the primary reason for the loss of teeth in adults (of whom 80 per 
cent in this country are wearing dentures at the age of 65). Salivary calculus 
deposited on the teeth acts as an abrasive on the surrounding gingiva and ini- 
tiates pocket formation as the epithelial attachment migrates down the root of 
the tooth. Debris settles in these pockets and forms an excellent culture medium 
for bacteria, some of which are pyogenic. The condition is manifested clinically 
by the purulent material that may be expressed from the gingival suleus by 
lightly stroking the gingiva; in other words, pyorrhea develops, and this often 
necessitates removal of otherwise healthy teeth. 

Years ago G. V. Black observed that persons with rampant caries were 
usually free of calculus, whereas for the most part those with heavy deposits of 
ealeulus and advanced pyorrhea did not have dental decay. This paradoxical 
situation has long been shrouded in mystery; at present, however, with more 
light cast on the etiology of caries and the initiation of calculous precipitation, 
the reasons for this relationship are more apparent, as are the dangers inherent 
in reversing one of the two processes.”* 

The phenomenon of decay is predicated in brief on the production of acid 
by lactobacilli that utilize carbohydrate as a substrate. The apatite crystal of 
enamel is calcium phosphochloride, which is soluble below pH 5.5; the lacto- 
bacilli can bring the pH down to 3, thus dissolving the enamel. Various meth- 
ods and agents have been proposed to evaluate this chain of events.*-* °% 11° 

From Cleveland City Hospital and Western Reserve University. 

*Present address: 403 4th St. N. W., Rochester, Minnesota. 
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\; Ohio State University attempts were made to eliminate the carbohydrate sub- 
sivate by diet. This carbohydrate-free diet, if maintained for two weeks, will 
r the oral flora and protect against decay for as long as six months; how- 
r, it represents an impractical method at present. Robinson, Goldman and 
erst advocate brushing the teeth immediately after carbohydrate has been 
en; to date, this is perhaps the most reliable method for control of caries. 
use of fluorides in drinking water and toothpastes is an attempt to 
engthen the enamel by a transhalogenation reaction which results in an acid- 
sistant apatite molecule in which chloride is replaced by fluoride. In many 
spects, this approach to the problem is ideal.*” The University of Chicago 
oup, under Gottlieb, introduced dibasic ammoniated toothpastes in an attempt 
io neutralize the bacterial products and obviate acid dissolution of teeth. Many 
toothpastes, mouthwashes, chewing gums, and so forth at present have am- 
moniated compounds incorporated in them, often in combination with anti- 
enzymes (such as sodium lauryl sarcosinate) to prevent utilization of carbo- 
hydrate in anaerobic glycogenolysis, and for them is claimed the ability to 
maintain the pH at high levels (8 to 9) for prolonged periods (in excess of 
twenty-four hours with a single application or intermittent use).’° ** Herein 
lies a danger, since elevation of the pH in the mouth makes conditions ideal for 
precipitation of caleulus and the beginnings of pyorrhea. 

Not all the factors involved in the precipitation of caleulus are known as 
vet.1% ™ 22, 27,31 The exact composition of caleulus is complex, as Hawk and 
co-workers’? have shown; however, basically 70 per cent of it is calcium phos- 
phate, with carbonates constituting most of the remainder.'' Investigators such 
as Waerhaug** have expressed the view that caleulus is deposited subgingivally 
directly from the blood stream. However, Wah Leung*® *° and Morgan*' showed 
that ten extracted teeth dipped into activated saliva (saliva obtained by chew- 
ing paraffin and expeetorating) were coated with 17 mg. of ecaleulus in two 
weeks. They further showed the effect that drying of the teeth has in formation 
of caleulus. The role of salivary colloids in maintaining crystalloids in solution 
is diseussed by Dewar and Parfitt* and others.’* ** Rapp,?* in proving the 
presence of salivary carbonic anhydrase, postulated rapid changes in pH at the 
gingival margin owing to this enzyme and said that ‘‘a moderate amount of 
alkalinization of saliva with tendeney to caleulus formation could cause sufficient 
oversaturation of calcium and phosphate salts in the saliva to facilitate pre- 
In these investigations the common denominator is seemingly 


be] 


cipitation. ... 
a pH change toward the more basic values. 

One then wonders what effects, if any, alteration of the pH of 6.8 in nor- 
mal saliva®® by highly basic toothpastes and mouthwashes will produce, and 
whether there is danger, at least in adults, that a possibly overzealous attack on 
acid-eausing decay may, in reality, represent trading decay for calculus and the 
tiuch more serious implications of pyorrhea in the adult. It is therefore logi- 
cal to establish the exact nature of the relationship hetween pH and the pre- 
cipitation of ecaleulus. 
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PRESENT INVESTIGATION 

Samples of caleulus were obtained by scaling the teeth of unselected dental 
outpatients. Each specimen was dissolved in 10 ml. of concentrated hydro- 
ehlorie acid, and aliquots of 2 ml. were placed in 25 ml. flasks. Each aliquot 
was titrated with 10 per cent solution of sodium hydroxide to end points rang- 
ing from a pH of 4 through a pH of 11.5. The precipitate was filtered on 
ashless filter paper, dried in an oven for thirty minutes at 115° C., placed in 
a desiccator for twenty-four hours, and weighed, the weight of the filter paper 
being subtracted. The Beckman meter was used in determining pH. The 
data obtained are presented in Table I and in Fig. 1. 


TABLE I. PERCENTAGE OF CALCULUS PRECIPITATED AT DIFFERENT pH VALUES 








GROUP I GROUP II GROUP II 
(LOW pH VALUES) ( MIDDLE pH VALUES) (HIGH pH VALUES) 





CALCULUS CALCULUS CALCULUS 
PRECIPITATED PRECIPITATED PRECIPITATED 
pH (PER CENT) pH (PER CENT ) pH (PER CENT ) 
18.0 6.55 22.2 8.40 26.0 
20.5 6.55 24.0 8.75 30.5 
18.7 6.55 27.0 8.85 28.1 
19.0 6.60 23.7 8.90 25.9 
19.7 6.60 29.5 8.90 24.7 
19.0 6.70 26.0 9.00 26.0 
20.6 6.70 27.5 9.05 29.3 
24.3 6.80 19.5 9.10 25.6 
22.2 7.00 29.4 9.30 24.1 
22.8 7.05 25.0 9.55 29.5 
23.5 7.05 23.0 9.90 29.0 
19.0 7.45 27.0 10.25 27.0 
24.0 7.90 30.7 10.60 28.1 
24.7 8.15 25.5 11.50 25.4 
8.30 27.0 11.70 25.3 
8.35 26.3 
Mean, == 33.3 Mean;, = 25.8 Meanyy; = 27.0 
n = 14 n = 16 n = 35 
=x = 296.0 =x = 413.3 =x — 404.5 


=x? = 6330.9 =x? = 10,803.07 =x? = 10,962.53 
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S.D.; I = 2.518 = ioe P = 0.2-0.3 
S.D.r iy 2. 7.27 P= <0) 
8.Da 4 m1 6.64 P= <.001 Mean = 26.4 





Since the results of this experiment were obtained in vitro, one must be 
cautious in the clinical interpolation of them. The data suggest, however, that 
whereas elevation of the oral pH increases the risk of producing instability of 
the constituents of salivary caleulus, this risk is not increased significantly in 
the change from the nearly neutral pH of saliva to the much more basic pH 
of the various dental products. The use of products of increased acidity (pH 
of less than 5.5), though significantly safer from the standpoint of ealeulous 
precipitation and therefore production of pyorrhea, is nonetheless impractical 
because of the danger of decalcification of the apatite erystal of enamel. 

It is concluded that (1) the amount of caleulus precipitated increases as 
the pH increases, (2) the difference between the amount of caleulus precipitated 
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the pH of saliva (6.8) and the amount precipitated at the upper limit of 

vlonged tolerance by the oral mucosa (8.5) is not statistically significant, and 
there is a 24 per cent increase in the amount of calculus precipitated in the 

{| range of 6.5 to 8.5 as compared to the amount precipitated in the range of 


» to 6. 











Per cent calculus precipitate 
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Fig. 1.—Relationship of calculous precipitation to pH. Each dot represents one observation. 
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ORAL MEDICINE 


PRIMARY HERPES SIMPLEX VIRUS INFECTION IN AN ADULT 


Hlarry Blechman, D.D.S., and Frances Pascher, M.D., New York, N. Y. 


LTHOUGH approximately 90 per cent of the population over 15 years of age 
d has specific antibodies against the herpes simplex virus, recognizable 


primary infection oceurs in less than 1 per cent of the population... When 
seen, the disease is usually in children from 2 to 5 years of age, giving rise to 
such well-known manifestations as acute herpetic gingivostomatitis or vulvo- 
vaginitis and occasionally to inoculation herpes simplex resulting from direct 
inoculation of the virus into an abrasion or laceration.2* The latter is at- 
tended by discrete vesicles grouped in a characteristic manner at the inocula- 
tion site, accompanied by enlargement of the regional lymph nodes and often 
hy fever and systemic manifestations. Symptoms appear after an incubation 
period of approximately five days (sometimes two or three days) and last 
approximately 10 to 14 days. Initial infection is also followed by the appear- 
ance in five to ten days of specific antibodies which persist for many years. 
Recurrent herpes simplex may occur at the same site months or years later. 

A survey was made of the literature for reports of primary herpetic in- 
fection in adults. Few were found in which the diagnosis of a primary rather 
than a reeurrent infection could be made with any degree of certainty. We 
found only one ease of a generalized infection with severe constitutional symp- 
toms in which the diagnosis was adequately supported by laboratory evidence.’ 
In two eases a presumptive diagnosis of inoculation herpes simplex of the skin 
following elinieal exposure to the virus was warranted on the basis of the 
course and symptoms.* * 

The object of this report is to direct attention to a case of primary clinical 
herpes virus infeetion in a dental student who attended a patient with reeur- 
rent herpes simplex of the mouth and to define the criteria for the diagnosis 
‘fa primary infection. To our knowledge, this is the first recorded example 
of this manner of transmission of the virus. 

; From the Department of Microbiology, New York University, College of Dentistry, and 
rom the Department of Dermatology and Syphilology, New York University, Postgraduate 
edical School and the Skin and Cancer Unit, University Hospital. 
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CASE REPORT 


History.—A 24-year-old white male dental student, in the course of his training at tlie 
dental college, performed dental procedures on March 11, 12, 18, and 20 on a patient with 
‘*multiple fever blisters.’’ The patient was a 35-year-old white woman who gave a history 
of recurrent herpes labialis. On March 17 the student noticed a single raised lesion on thie 
palmar surface of his left index finger; the lesion ruptured with drainage of a clear flui:i, 
Within the next four or five days a number of vesicles appeared in close proximity to the 
initial lesion. Some of the vesicles became confluent, forming a tender, round, firm red 


plaque approximately 1.5 em. in diameter projecting 1 to 2 mm, above the involved sit 


Fig. 1.—Crusted herpetic lesion on palmar surface of left index finger. 


Fig. 2.—-Single vesicular papule on lateral surface of terminal phalanx of right index finger 
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March 25 the student felt ill and feverish and noted that the left axillary lymph nodes 
somewhat enlarged and tender. The patient could not recall having had any signs or 
ptoms of infection with herpes simplex. 


Physical Examination, 


The patient reported for examination 
on March 26, 1957. 


at the Skin and Caneer 
A herpetic plaque, measuring approximately 2 by 3 em., was found 
he palmar surface of the left second finger (Fig. 1). 
erately enlarged and slightly tender. 

F. On March 28 


The axillary lymph nodes were 
The patient looked ill, and his temperature was 
a small vesicopapule was observed on the palmar surface of the ter- 
il phalanx of the right index finger (Fig. 2). 

Laboratory Findings.—Fluid w 


as 


aspirated from the lesions of both fingers and sus- 
led in a small amount of sterile saline. 
] 


The mixed saline suspensions were then inocu- 
into the searified cornea of a rabbit and intracranially into three mice. 
Rabbit: The scarified cornea showed a keratoconjunctivitis in eighteen hours. A puru- 
exudate and several small vesicles developed along the course of the scratches. The 
titating membrane was red and swollen. 


Fig. 3.—Isolated plaques on the chorioallantoic membrane of a chick embryo. 


Mice: 


l'wo of the three mice developed a herpetic encephalitis; one died within twenty- 
four hours and another within thirty-six hours, 


Petechial hemorrhage and discoloration were 
Smears of homogenized tissue revealed the presence of type A 
Homogenates of the mouse brains were then forwarded for confirmation to 
e Virus Laboratory, Diagnostic Division, Bureau of Laboratories, New York City Depart- 


und in the cortical tissue. 
lusion bodies. 


nt of health. 
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Embryonated chick eggs: Several passages were needed before characteristic lesions 
were noted. Many small raised white plaques were seen on the harvested chorioallantvic 
membrane (Fig. 3). Stained preparations revealed the presence of intranuclear type A inclu- 
sion bodies in many of the proliferating ceils. 

Serology:* The virus was identified as herpes simplex by neutralization tests. Com- 
plement fixation studies utilizing the herpes simplex virus isolate as the antigen gave tie 
following results: blood specimen drawn April 1, 1957—positive 1:16 dilution; April ||, 
1957—positive 1:32 dilution; June 6, 1957—positive 1:32 dilution. 


COMMENT 


A elinical diagnosis of primary herpes simplex infection of the index 
fingers was based on the negative history for previous episodes, the history 
of exposure to a typical case of recurrent herpes labialis, the distribution of 
the lesions on the fingers which were in contact with the infected mucous mem- 
branes in the course of retracting the patient’s lips and cheeks, and the as- 
sociated fever, malaise, and lymphadenopathy. One may assume that there 
was ample opportunity for direct inoculation of the virus in the course of 
carrying out the dental procedures. The eruption on the left index finger 
appeared five days after the initial exposure and that on the right index finger 
appeared a week after the last exposure. The interval may be explained by 
the order in which the contact was made. 

The virus in question was identified by standard laboratory procedures 
as herpes simplex. A twofold increase in the titer of complement-fixing anti- 
bodies was also demonstrated. Presumably, this increase might have been 
greater if the first blood specimen had been drawn earlier in the course of 
the illness. 

We are in agreement with Kilbourne and Horsfall® that the absence of 
demonstrable specific antibodies during the acute phase and the demonstration 
of specific antibodies during convalescence are essential to the diagnosis of 
primary herpetic infection. It is felt that the twofold increase in the titer of 
complement-fixing antibodies in this ease is significant. The latter finding, as 
well as the history and clinical findings, was interpreted as supportive evidence 
of a primary rather than a recurrent clinical infection. 

The criteria for a definitive diagnosis of primary herpetic infection may 
be summarized as follows: (1) a negative history for earlier episodes, (2) a 
history of exposure to herpes simplex virus, (3) an incubation period of ap- 
proximately five days, (4) the development of characteristic lesions from 
which the virus can be isolated, (5) regional lymphadenopathy with greater 
or lesser systemic manifestations (for example, fever), and (6) finally and 
most important the demonstration of a sizable increase in the specifie antibody 
titer. 

The vulnerability of the dentist in the dentist-patient relationship as- 
sumes importance in view of the development of a herpetic infection in a 

*We are indebted to Dr. Daniel Widelock and Miss Olga Simonovic of the Virus Labora 


tory, Diagnostic Division of the Bureau of Laboratories, Department of Health, The City of 
New York, for this report. 
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ceptible person in contact with the disease in a patient. This case should 
e to emphasize the need for caution on the part of the dental practitioner 


the management of patients with manifest herpetic lesions. 


IMARY 


A ease of primary inoculation of a dental student’s fingers with herpes 
plex virus has been reported. The infection in this ease resulted from ex- 
sure to a patient with recurrent herpes labialis. The need for recognizing 
is hazard in dental practice has been discussed and the criteria for the 


ionosis have been defined. 
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ORAL ANATOMY AND PHYSIOLOGY 


AN INVESTIGATION OF THE MECHANISM OF NEURAL 
IMPULSE TRANSMISSION IN HUMAN TEETH 


James K. Avery, D.D.S., Ph. D., and Robert Rapp, 
D.D.S., M.S., Ann Arbor, Mich. 


INTRODUCTION 


f pen mechanism of pain transmission through dentine is a subject of signifi- 


cant clinical interest. Consequently, it has been the object of much in- 
vestigation. Although considerable evidence has been presented concerning 
the nervous system within the dental pulp, there is still a lack of definitive 
information concerning the physiologic mechanism by which neural impulses 
pass through dentine. It is the purpose of this study to determine whether 
chemical substances associated with neural impulse conduction are present 
within human teeth. 

Acetylcholinesterase and acetylcholine are believed to play an essential 
role in the transmission of neural impulses.’ Elliott,? in 1905, first suggested 
a chemical mediation of neural impulses, and since the discovery of the 
chemical substance by Loewi* and its later identification as acetylcholine by 
Dale and Feldberg,* the chemical theory of impulse transmission has received 
much attention. It is believed that associated with neural impulse trans- 
mission are the liberation of acetyleholine along a nerve and the subsequent 
hydrolysis of acetylcholine by the enzyme acetyleholinesterase (AChE), thus 
terminating neural activity... The presence of AChE is therefore believed to 
be indieative of the existence of acetylcholine and thus of the cholingerie 
meehanism.° 

Cholinesterase was demonstrated first by Plattner’ and later by Engelhart 
and Loewi.* Further research disclosed the presence of two or more cholin- 
esterases, a specific and a nonspecific type.” The specific cholinesterase was 
ot ps A Department of Oral Histology and Embryology, University of Michigan Schoo! 

This study was supported by the Research and Development Division, Office of th« 
Surgeon General, Department of the Army, under contract No. DA-49-007-MD-766. 
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nd primarily in the brain, along nerves, at synapses, at motor end- 
tes0! and in red blood cells.’ The nonspecific cholinesterase was found 
blood serum™ '® and in liver. *% The specific and the nonspecific cholin- 
erases are differentiated by their selectivity of action on a variety of sub- 
ites. Speeifie cholinesterase does not hydrolyze butyrylthiocholine but does 
lrolyze acetylthiocholine. Nonspecific cholinesterase will hydrolyze both 
butyrylthiocholine and the acetylthiocholine substrates.’® An inhibitor, 
isopropyl fluorophosphate* (DFP), at a concentration of 10° M has been 


ind to completely inactivate nonspecific cholinesterase." 
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Diagram of techniques involved in the localization of the sites of activity of specific 
and nonspecific acetylcholinesterase. 

On the basis of substrate hydrolysis, Koelle and Friedenwald*’ dem- 
onstrated a histochemical method for identifying sites of cholinesterase 
activity. The principle of the technique is as follows: tissues containing the 
specific enzyme are incubated in the presence of acetylthiocholine and copper 
ions, and the resulting precipitate of copper thiocholine appears at the sites 
of enzymatie activity. This precipitate is subsequently treated with ammonium 
sulfide to produce a more visible brownish copper sulfide precipitate at the 
sites of specific cholinesterase activity. 


*Di-isopropyl fluorophosphate was generously supplied by Dr. William H. Summerson 
the U. S. Army Chemical Warfare Laboratories, Army Chemical Center, Maryland. 
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It is, therefore, the purpose of this investigation to determine the presence 
or absence of a specific cholinesterase system in the pulp and dentine of human 
teeth and, if such a system is present, to compare its location with the known 


location of nerves. 


MATERIALS AND METHODS 


The methods of Koelle and Friedenwald®’ and the subsequent modifica- 
tions of Pearse,*'! Churchill and associates,** and Avery and Rapp* were uti- 
lized in the study of both specific and nonspecific esterases in human teeth. 

Forty freshly extracted human teeth of the permanent dentition were col- 
lected and immediately prepared. On a calcified-tissue-slicing machine the 
teeth were cut sufficiently thin (50 miera) for microscopic study. These tissues 
were then divided into four experimental groups. The first group was treated 
with 10°° M di-isopropy! fluorophosphate (DFP) for thirty minutes at 37° ©. 
and then ineubated with acetylthiocholine (AThCh) for sixteen hours to reveal 
the sites of activity of the specific cholinesterase. The second group of tissues 
was incubated in a substrate of butyrylthiocholine (BuThCh) for twelve hours 
at 37° C. to indicate the sites of the nonspecific cholinesterase. The third group 
of tissues served as a control and was incubated without a substrate. The 
fourth group of tissues also acted as a control, being treated with DFP and 
then ineubated with BuThCh. 

All the teeth then were treated with ammonium sulfide, and the resulting 


precipitate of copper sulfide indicated the sites of cholinesterase activity. The 
By these 


methods the location of both specifie and nonspecific cholinesterase activity was 


calcified tooth sections then were fixed, dehydrated, and mounted. 
revealed in human teeth. 


RESULTS 
Specific cholinesterase was observed to be present in generally consistent 
locations and concentrations in all of the forty permanent teeth studied. In 
the pulp the areas of greatest concentration appeared to be in the nerve trunks 
and in a narrow band bordering the predentine of the coronal pulp chamber 
(Fig. 2). The width of the band included the row of odontoblastie cells and 
the adjacent cell-free zone and appeared most intense in the parietal layer of 
The band underlies the dentine of the entire crown of the tooth 
In some teeth of older age groups the band extends apically 
1xamination of the dentine revealed that 


nerve fibers. 
(Figs. 2 and 4). 
along the dentine of the root canals. 
Tomes’ fibers, the protoplasmic extensions of the odontoblasts, were specific 
cholinesterase positive (Figs. 6, 7, and 8). An inereased intensity of specific 
cholinesterase was apparent at the dentino-enamel junction, probably because 
of the branching of Tomes’ fibers (Fig. 8). Specific cholinesterase also ap- 
peared in the extensions of these fibers in the enamel. Upon examination of 
Tomes’ fibers under higher magnification, secondary processes of these fibers 
appeared along most of their lengths and these processes were also cholinesterase 
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Fig. 


2—Tooth section treated with 10-* M di-isopropyl fluorophosphate and acetylthiocho- 


ne to reveal the sites of specific cholinesterase. In the pulp an intense 
pper sulfide representing acetylcholinesterase is observed 
oronal pulp chamber. 


concentration of 
underlying the dentine of the 


Fig. 3.—A control tooth section revealing the absence of reaction 
tissue was incubated with butyrylthiocholine. 

Fig. 4.—Pulp of human tooth revealing sites of activity of specific cholinesterase border- 
« the dentine which underlies the enamel of the crown. 

Fig. 5.—Tooth section incubated with butyrylthiocholine to reveal the 
f the nonspecific cholinesterase. The coronal blood vessels 
redentine indicate activity as well as a 


when DFP-treated 


sites of activity 
and the area adjacent to the 
diffuse reaction throughout the pulp. 





Fig. 6.—Area of aling the intense 
concentration of specific cholinesterz in Tomes’ fibers and their secondary processes. Al- 
though the minute processes were seen throughout the fleld, it was found possible to bring only 
a small area of them into focus at one time. 

Fig. 7.—Area of dentine midway to dentino-enamel junction revealing presence of specific 
in Tomes’ fibers and their secondary processes. 

Fig. 8.—Dentino-enamel junction revealin presence of specific acetylcholinesterase in 
branching terminal parts of Tomes’ fibers. he enzyme is present throughout each fiber 
but, because the upper left of this photograph is out of focus, the reaction is visible only 


at the dentino-enamel junction, 


dentine just peripheral to the predentine area rev 


cholinesterase 
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positive (Figs. 6 and 7). These minute fibrils appeared either to join adjacent 
mes’ fibers or to terminate between fibers. It was noted that the pre- 
dentine of this series of teeth was darkened by the copper sulfide precipitate. 
With butyrylthiocholine serving as the substrate, concentrations of non- 
cific cholinesterase were observed in the larger pulpal blood vessels as well 
in the smaller ones near the odontoblasts. A zone of nonspecific cholin- 
sterase activity was also seen underlying the predentine of the coronal pulp 
amber (Fig. 5). The staining of this zone was less intense than that of the 
specifie esterase and was diffused into the ground substance of the pulp. 
Tomes’ fibers appeared stained, but to only a slight degree in comparison 
with the intense concentration of the specific cholinesterase. The predentine 
zone was again noted to be stained. 
Upon examination of both control groups, ne staining was seen through- 
out the pulp or in Tomes’ fibers (Fig. 3). There was, however, staining of 
the predentine to an extent similar to that seen in the previous groups. 
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Fig. 9.—Diagram representing a possible mechanism of reception of pain at the dentino- 
enamel junction and transmission of pain to the odontoblast where a synapse occurs with the 
adjacent free nerve endings of the pulp. By means of the secondary processes of Tomes’ 
fiber and the intercellular Acidges of the odontoblasts, stimulation of a single Tomes’ fiber 
could result in stimulation of all odontoblasts and free nerve endings of the coronal pulp. 


DISCUSSION 

The presence of specific cholinesterase in Tomes’ fibers, from their terminal 
branches at the dentino-enamel junction to the odontoblasts, indicates a possible 
path of pain transmission through dentine. Furthermore, a synapse is indicated 
in the odontoblastie zone by the intense concentration of specific cholinesterase 
in this area. These findings are in agreement with clinical evidence of pain ex- 
perience and also with the findings of numerous investigators, the most recent 
of whom (Bernick** and Rapp and associates*®) reported no nerve fibers pene- 
trating to any extent into the dentine, the majority terminating among the 
lontoblasts. It is believed that the presence of specific cholinesterase in the 
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odontoblast and its extension does not necessarily mean that they are neura! 
elements. As Brashear*® aptly explained, the odontoblast may well function i) 
a neural capacity, although it may not necessarily be a neural cell. He referre:! 
to examples of free nerve endings in the skin of the corium of the palm or th 
cornea of the eye which are stimulated by means of non-neural elements. 

Modification of the techniques of Koelle and Friedenwald®® and o/ 
Koelle*® ?* ?5 for the study of calcified tissues presented certain problems i 
technical management of the tissues and interpretation of findings. In an effor' 
to control false localizations of the sites of enzymatic activity, several procedures 
were instituted. Sectioning of all calcified tissue was done quickly and under 
a water spray to prevent temperature increases. In order to prevent enzymatic 
diffusion, the storage and incubation solutions contained high concentrations of 
sodium sulfate and the incubation solutions were also saturated with copper 
thiocholine. Whereas the chemicals necessary for the reaction penetrated the 
pulpal tissue readily, they did not diffuse through calcified dentine at the same 
rate. It was necessary, therefore, to cut the tooth samples in thicknesses of 
approximately 50 micra or less to permit diffusion of the reagents through the 
dentine. It was also necessary in these experiments to increase the ineubation 
time to fourteen and sixteen hours for nonspecific and specific cholinesterase, 
respectively, to obtain significant precipitation for observation and photog- 
raphy. This probably is due partially to the dense character of the calcified 
tissue and the lower concentrations of the specific cholinesterase in sensory 
nerves as compared to cholinergic nerves. In this length of time some 
hydrolysis of acetylthiocholine and butyrylthiocholine probably oceurs. What 
effects this may have on the reaction have not as yet been determined. In this 
respect, however, tissues of group 4, which were incubated in BuThCh for the 
same length of time, did not reveal any hydrolysis of the ester. Less mineralized 
areas, such as the predentine and carious dentine, were noted to contain needle- 
shaped crystals of copper thiocholine in the open meshwork of fibers. These 
erystals did not wash out in subsequent controlled washings. Thus, some degree 
of false localization was obtained. Since this staining was consistent even in 
the control tissues, these areas were regarded as artifacts. The significant 
deposition of specific cholinesterase in Tomes’ fibers and pulpal nerve fibers as 
described was not seen in control groups and thus is believed to be a valid 
finding. 


CONCLUSIONS 

1. Specific cholinesterase is present in significant concentrations in nerves 
of the pulp, in a localized band in the pulp underlying the predentine of the 
crown of the tooth, and throughout Tomes’ fibers and their secondary processes. 

2. High concentrations of specific cholinesterase appeared at the dentino- 
enamel junction, probably due to the characteristic branching of Tomes’ 
fibers in this area. 

3. Specific cholinesterase is present in the extensions of Tomes’ fibers 
(spindles) in enamel. 
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4. The areas of concentrations of specific cholinesterase correlate with 
areas of clinical pain experience in teeth. 

5. The mechanism of pain conduction is thus believed to be along Tomes’ 
r to its cell body, the odontoblast, at which point there is a synapse with 
adjacent free nerve endings. These nerve endings conduct pain impulses 
the larger pulpal nerve trunks which then exit through the apical foramina. 


6. Although the odontoblast may function in neural impulse conduction, 
is does not necessarily preclude other functions that have been ascribed to 


is cell and its process. 
7. Nonspecific cholinesterase is present in concentrated amounts in the 
ood vessels of the pulp, including the smaller vessels underlying the odonto- 
asts. Lesser amounts are present in the extracellular fluid of the pulp and 


in Tomes’ fibers. 


The authors wish to express their sincere appreciation to Miss Elizabeth Haley for 
er assistance in the preparation of the tissues and to Mr. Edward Crandall for the photo- 


icrography. 


REFERENCES 


1. Nachmansohn, D.: Role of Acetylcholine in Conduction, Bull. Johns Hopkins Hosp. 
83: 463-496, 1948. 
2. Elliott, T. R.: The Action of Adrenalin, J. Physiol. 32: 401-467, 1905. 
3. Loewi, O.: Ueber humoral ueber—Frag barkert der Herzneruenwerkung, Arch f. d. 
ges. Physiol. 189: 239-242, 1921. 
. Dale, H. H. and Feldberg, W.: Chemical Transmission at Motor Nerve Endings in 
Voluntary Muscle, J. Physiol. 81: 39, 1934. 
5. Nachmansohn, D.: Chemical Mechanism of Nerve Activity, Ann. New York Acad. Se. 
47: 395-428, 1946. 
). Burgen, A. 8S. V., and Chipman, L. M.: Cholinesterase and Suecinie Dehydrogenase in 
Central Nervous System of Dog, J. Physiol. 114: 296-305, 1951. 
7. Plattner, F.: Der Nachweis des Vagusstoffes beim Siiugetiere, Arch. ges. Physiol. 214: 
112-129, 1926. 
Engelhart, E., and Loewi, O.: Fermentative Azetylcholinspaltung im Blut and ihre 
Hemmung durch Physostigmin, Arch. exper. Path. u Pharmakol. 150: 1-13, 1930. 
9, Mendel, B., Mundel, D. B., and Rudney, H.: Studies on Cholinesterase; Specific Tests 
for True Cholinesterase and Pseudo-cholinesterase, Biochem. J. 37: 473-476, 1943. 
. Nachmansohn, D.: Transmission of Nervous Influx in Central Nervous System; 
Presence of Cholinesterase and Role of Acetylcholine, Compt. rend. Soc. de biol. 
126: 783-785, 1937. 
|. Nachmansohn, D.: Cholinesterase in Nerve Fibers, Compt. rend. Soe. de biol. 128: 
516-519, 1938. 
Nachmansohn, D.: Cholinesterase in Tissue of Nervous System, Compt. rend. Soe. de 
biol. 127: 894-896, 1938. 
13. Nachmansohn, D., and Marnay, A.: Cholinesterase in Voluntary Muscle, J. Physiol. 
92: 37-47, 1938. . 
\4. Zajicek, J., Sylven, B., and Datta, N.: Attempts to Demonstrate Activity in Blood 
and Bone Marrow Cells by a Modified Thiocholine Technique, J. Histochem. 2: 
; 115-121, 1954. 
|). Stedman, E., Stedman, E., and Easson, L. H.: Choline-esterase. Enzyme Present in 
“ __ Blood Serum of the Horse, Biochem. J. 26: 2056-2066, 1932. : 
$y Milhorat, A. T.: Activity of Serum in Disease, J. Clin. Invest. 17: 649-657, 1938. 
’. Koelle, G. B.: Elimination of Enzymatic Diffusion Artifacts in Histochemical 
Localization of Cholinesterase and Survey of Their Cellular Distributions, J. 
_ Pharmacol. & Exp. Therap. 103: 153-171, 1951. ; 
8. —_— B.: Cholinesterase of Tissues and Sera of Rabbits, Biochem. J. 53: 217-226, 
953. 
19. Augustinsson, K. B., and Nachmansohn, D.: Distinction Between Acetylcholine- 
esterase and Other Choline Ester-Splitting Enzymes,-Science 110: 98-99, 1949. 


9 





AVERY AND RAPP O. S., O. M. & O. 


February, 1959 


. Koelle, G. B., and Friedenwald, J. S.: Histochemical Method for Localizing 
Cholinesterase Activity, Proc. Soc. Exper. Biol. & Med. 70: 617-622, 1949. 

. Pearse, A. G. E.: Histochemistry (Theoretical and Applied), Boston, 1953, Littl, 
Brown & Company, pp. 465-467. 

. Churchill, J. A., Schuknecht, H. F., and Doran, R.: Acetylcholinesterase Activity in 
the Cochlea, Laryngoscope 66: 1-15, 1956. 

3. Avery, J. K., and Rapp, R.: Demonstration of Cholinesterase in Teeth, Stain Technol. 
33: 31-37, 1958. 

- Bernick, Sol.: Innervation of Teeth and Periodontium After Enzymatic Removal of 
Collagenous Elements, ORAL SurG., ORAL MED. & ORAL PATH. 10: 323-332, 1957. 

. Rapp, R., Avery, J. K., and Rector, R. A.: A Study of the Distribution of Nerves in 
Human Teeth, J. Canad. Dent. A. 23: 447-453, 1957. 

3. Brashear, A. D.: The Controversy Concerning the Innervation of the Teeth, J. D. Res. 
16: 5-17, 1937. 

. Koelle, G. B.: Histochemical Differentiation of Types of Cholinesterase and Their 
Localizations in ‘Tissues of Cat, J. Pharmacol. & Exper. Therap. 100: 158-179, 
1950. 

. Koelle, G. B.: Cholinesterases of the Central Nervous System, J. Neuropath. & Exper. 
Neurol. 14: 23-27, 1955. 





ORAL PATHOLOGY 


THE AMELOBLASTOMA AND THE CRANIOPHARYNGIOMA—THEIR 
SIMILARITIES AND DIFFERENCES 


Robert J. Gorlin, D.D.S., M.S., and Anand P. Chaudhry, B.D.S., M.S., Ph.D., 


Vinneapolis, Minn. 


7 craniopharyngioma has been called the pituitary ameloblastoma, and 
not without justification. The two are not exactly alike, however, and 
certain microscopic criteria may be employed to separate the pituitary from 
the jaw neoplasm in the vast majority of cases. 

Craniopharyngioma has been called by a large number of names, the more 
common being Rathke’s pouch tumor, suprasellar cyst, hypophyseal duct 
tumor, and eranial adamantinoma.’’* It has been believed that the tumor 
arises from the epithelial cell rests of the craniopharyngeal canal. This latter 
represents the path taken by Rathke’s pouch, the evagination of the sto- 
madeum that fuses with an outgrowth of the diencephalon forming the pituitary 
gland. 

During embryonie life, about the time of tooth germ initiation, the epi- 
thelial cells rostral to the oral plate proliferate and extend upward and back- 
ward to contact with a diencephalic downgrowth around which they partially 
wrap themselves. The connection with the oral cavity degenerates much as does 
the dental lamina by the third intrauterine month, although in a small per- 
centage of newborn infants this craniopharyngeal canal persists. At about 
the tenth week there is a marked cellular proliferation in the ventral pouch 
‘orming the anterior lobe. The epithelial cell rests, which result from degen- 
eration of the duct and initially lie on the anterior wall, are pushed superiorly 
and finally come to rest in the region of the hypophyseal stalk. Thus, a 
craniopharyngioma may arise at any point from the posterior nasopharynx to 
the floor of the third ventricle of the brain.t These tumors are even noted 
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occasionally to occur within the body of the sphenoid bone.? Difficulty arises 
because these cell rests are not usually found in young persons, where:s 
craniopharyngioma occurs prineipally in young persons, so that the ultimate 
origin of these tumors is still hotly debated. 

More recently another theory of origin has been expressed by Biggari,® 
Carmichael,* and Kernohan and Sayre,® namely, that the “cell rests” are not 
of embryonie origin but are possibly metaplastic cells of hypophyseal origin. 


Although the craniopharyngioma may occur at any age, the vast majority 
of these tumors are found in infants, children, and young adults who have not 
reached the age of 25 years. Bailey and associates,’ in a survey of 138 ex- 
amples of this tumor, reported that two-thirds occurred within the first three 
decades of life. Love and Marshall,’ surveying 100 cases, confirmed this im- 
pression, stating that more than one-half of the patients were below 10 years 
of age. This is in contrast to the jaw tumor that has its peak incidence be- 
tween the third and fourth decades. There appears to be no sex preference 
with regard to either tumor. 


Fig, 1—Sagit'al section of brain showing involvement of midbrain with  cranio- 
pharyngioma. Note numerous cystlike spaces within the tumor, extension through the floor, 
and invasion of the third ventricle. 

Most craniopharyngiomas are grossly cystic (Fig. 1). In the amelo- 
blastoma, although microscopic cysts are noted, large fluid-containing cystic 
areas are not usually found. Calcified masses are very commonly found in 
the craniopharyngioma and oceasionally metaplastic bone or cartilage is 
formed. Love and Marshall found that 77 per cent of their cases had micro- 
scopic calcified areas. However, the amount was insufficient in some cases to 
produce diagnostic radiopacity under x-ray. The ameloblastoma does not 
contain calcified material; nor does it manifest metaplastic bone formation. 
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Fig. 2.—Histologic section of Case 3. Note typically palisaded basal cells. <A delicate 
connective tissue base separates the epithelial tissue from the mucoid-appearing tissue. 
(Magnification, «125; reduced Mp.) 


Mig. 3.—Note the strandlike appearance of some areas of the tumor seen above. The re- 
semblance to dental lamina is marked. (Magnification, x125; reduced Yo.) 
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Fig. 4—Case 5. High-power view demonstrating the arrangement of the basal cells 
to the connective tissue basement membrane. Note polarity of nuclei away from the mem- 
brane. Note also the acanthomatous tendency, and the tendency of the stellate areas to break 
down with resultant cyst formation. (Magnification, x415; reduced po.) 


ee 


Fig. 5.—Note masses of cornified “ghost epithelium.” These masses become calcified epithelial 
masses to tumor. (Magnification, K125; reduced po.) 
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-Higher-power view of case seen in Fig. 5. Note foreign body giant cell at edge 
of cornified epithelial mass. (Magnification, «415; reduced Yo.) 


Fig _7.—Bone. In a number of craniopharyngiomas. bone or even cartilage is formed. Corni- 
fled epithelial tissue is to be noted at lower left. (Magnification, «415; reduced Vp.) 
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TABLE I 














AGE OF ONSET | | GROSS 
OF SYMPTOMS CALCIFICATION OSSIFICATION APPEARANCE 
Yes Cartilage Cystic 
Yes 0 Cystic 
Yes 0 Cystic 
Yes Osteoid Cystic 
Yes Bone Cystic 
Yes 0 Cystic 
Yes 0 Cystic 
Yes Bone Cystic 
Yes 0 Cystic 
Yes 0 Cystic 
0 Cystic 
Bone Solid 
0 Cystic 
13 Cartilage Cystic 
0 Bone or Solid 
osteoid 
Neither 
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The craniopharyngioma is commonly encapsulated, although brain inva- 
sion occurs not uncommonly. On the other hand, only about one-half of the 
ameloblastomas are encapsulated (Table IT). 

Microscopically, there is considerable similarity between the two tumors. 
In the hypophyseal tumor, strands of columnar epithelium, remarkably similar 
to dental lamina, are observed. A stellate reticulum is also frequently, but 
by no means constantly, present for these cells degenerate, forming cysts, or 


they undergo metaplasia to masses of squamous epithelial cells that cornify. 


TABLE IT 











AMELOBLASTOMA | CRANIOPHARYNGIOMA 
Third and fourth decades First and second decades 








Gross appearance Cystic and solid Predominantly cystic 
Encapsulation About half Commonly encapsulated 
Microscopic No calcification Calcification very common; 
No metaplastic bone formz- oceasional bone or, rarely, 
tion cartilage formation 


Response to hi-voltage roent- Little to none None 
gen therapy 





These areas of keratinization undergo calcification. Foreign-body giant cells 
may be seen about the edges of these calcified masses or about the cholesterol 
clefts that are commonly present (Figs. 2 to 7). 

Thirteen cases of craniopharyngioma were surveyed from the files of the 
pathology department. The results are summarized in Table I. 
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TRANSITIONAL-CELL CARCINOMA OF THE MAXILLARY SINUS 
Report of a Case 


C. R. Stockdale, L.D.S. (Manc.), F.D.S.R.C.S. (Eng.), 


Manchester, England 


a tumors of epithelial origin that may occur in the oral cavity are 
squamous-cell carcinoma, adenocarcinoma, basal-cell carcinoma, and transi- 
tional-cell carcinoma. Squamous-cell carcinomas are the most common tumors 
of epithelial origin found in this region. Basal-cell carcinoma is rare, its usual 
site being the face or lips. The transitional-cell carcinoma is commonly seen 
in the oropharynx and nasopharynx. It is sometimes found in the maxillary 
sinus, from which it may invade and involve the hard palate, producing a 
lesion in the mouth. From the standpoint of the dental surgeon, its presence 
must be considered in making a differential diagnosis of a malignant tumor. 
Its early recognition and treatment are essential because of its grave prog- 
nosis due to the early widespread formation of metastases. 


CASE REPORT 


A 48-year-old man was referred to the department by his medical advisor. The pa 
tient complained of pain of two months’ duration in the left upper alveolus. He also com- 
plained of an ulcer in this region but could not say when it first appeared. 


Examination.—There was slight puffiness of the left cheek, and the left upper deep cer- 
vical nodes were palpable. The patient was edentulous. There was a large area of erythema 
on the left side of the hard palate, extending posteriorly to the junction of the hard and 
soft palate and laterally over the ridge in the molar region. This area was not raised, 
except for a small area anteriorly; nor was it indurated. In the second molar region there 
was a deficiency in the alveolar ridge, and this area was occupied by an ulcer, about 1 em. 
in diameter, covered with a grayish slough (Fig. 1). 

The patient was experiencing a continuous dull ache from the region; this periodi- 
cally became severe and radiated along the infraorbital nerve and down into the neck. 
Analgesics did not relieve the pain. 

There had been no discharge from the nose and no epistaxis, but the patient stated 
that the left nostril had been obstructed for some time. His appetite was good, but he 
was not sleeping well. There was no relevant medical history. 

Investigations carried out included x-ray pictures of maxillary sinuses and chest, 
dental films of the | 678 region, and biopsy of the ulcer. 

X-ray Reports.—The films of the maxillary sinuses showed that the anterior and pos 
terior walls of the left antrum were normal. However, a larger film showed that the roof 
of the left antrum was abnormal as was its junction with the lateral wall, where the bony 
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ine was actually absent, except for the inner end of the roof (Fig. 2). In the left 
um there was a thick and dense mucosal swelling which ended abruptly in a rather 
sual way near the inner aspect of the antral roof. These points suggested that the 
sal swelling, or part of it, may have originated from something other than a chronic 





Fig. 1.—Ulecer in | 7 region. 





Fig. 2.—Occipitomental view of maxillary sinuses. 


fection. The possibility of an early-stage neoplasm of the antral mucosa had to be 
rne in mind, The intraoral roentgenogram (Fig. 3) showed an irregular radiolucent area 


the region discussed. Films of the chest revealed no abnormalities. 


Biopsy.—Under local anesthesia, a biopsy specimen of the uleer was obtained and sent 
histologic examination. 
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Pathologist’s Report.—This is a tumor of the basal-cell carcinoma type, showing io 
definite affinity with salivary gland tumors or squamous carcinoma. The cells form solid 
rounded masses, the outermost layer tending to low columnar shape in some places, The 
cells tend to be of uniform size and staining, and only occasional mitoses ure seen (Figs. 
4 and 5). 


Diagnosis: Basal-cell carcinoma, 

In view of this report, the patient was referred to the Christie Hospital and Holt 
Radium Institute in Manchester, England. The Christie Hospital pathologist was of the 
opinion that this tumor was a transitional-cell carcinoma, probably arising from the mucous 
gland ducts, and not a basal-cell carcinoma. 





Fig. 3.—Intraoral roentgenogram of | 67 region. 


The primary lesion was treated by means of a radium implant in the left antrum. 
Ten weeks later the mouth and antrum appeared to have healed well, and a block dis- 
section of the left side of the neck was performed to remove large secondary nodes. These 
nodes were sent for section and yielded a similar report of transitional-cell carcinoma. 

The block scar healed uneventfully. 

Twelve months later progress was not satisfactory, as there was a recurrence in the 
area of the block dissection. Recurrent nodes were excised and were reported as showing 
transitional-cell carcinoma. These secondary nodes became rampantly recurrent, and a 
stage was reached where no further treatment could be undertaken. 


DISCUSSION 

Mucous membranes of certain parts of the body are covered with epithe- 
lium which does not keratinize. Carcinomas arising from these positions fail 
to show the characteristics of the squamous-cell type. These tumors, however, 
grow more rapidly and are more malignant. They are known as transitional- 
cell carcinoma and are often classified with lymphoepithelioma. 

When the tumor is purely epithelial in type, it is referred to as a transi- 
tional-cell carcinoma, whereas with the lymphoepithelioma there is usually a 
marked intermingling of epithelial cells and lymphocytes derived from the 
underlying lymphoid tissue. 


These tumors occur in the posterior part of the oral cavity, the naso- 
pharynx, and the maxillary sinus. From the latter site they may break 
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ough the hard palate into the mouth. When the tumor is situated in the 
sopharynx, diagnosis is difficult because of its inaccessibility. The maxil- 
y sinus is a common site for this tumor, and its possible presence should be 
ne in mind in the ease of differential diagnosis of tumors of the antrum. 

Microseopieally, the cells are large and pale with indefinite outlines. Fre- 
ently they show a tendency to epithelioid differentiation, and frequently 


Fig. 4. 





Fig. 4.—Low-power view of tumor. (Magnification, approximately 120.) 
Fig. 5.—High-power view of tumor cells. (Magnification, approximately 500.) 
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they are arranged in sheets. Sometimes the cells may be arranged in stran:/is 
and closely related with lymphoid tissue when it is described as a lympho- 
epithelioma. The nuclei are large and deeply staining and contain various 
amounts of chromatin; Boyd states that mitoses are numerous. There may |e 
a tendency toward differentiation with squamous characters appearing, or 
toward anaplasia, so that differentiation from anaplastic forms of epidermoid 
tumors and reticulum-cell sarcoma may be difficult. In lymphoepithelioma, 
however, the reticulum is generally deposited in coarse fibers associated with 
stroma and blood vessels, while in the reticulum-cell sarcoma the fibrils are 
fine and closely related to the tumor cells. 

Transitional-cell carcinoma is highly malignant, and although the primary 
growth may be small, metastatic spread to the regional glands is early and 
widespread. Visceral spread to the lungs and liver may occur at a later date. 

The primary lesion responds to irradiation, but the prognosis is very grave 
because of the early formation of metastases which may assume massive pro- 
portions. 

The difference in opinion of the pathologists in this case is interesting. 
Thoma reports that in basal-cell carcinoma of the oral mucosa the tumor cells 
resemble the basal cells of the oral epithelium. The peripheral cells are ar- 
ranged in a columnar fashion, and no evidence of keratinization is present. 

Histologically there is a definite resemblance of the material obtained from 
this ease to that of a basal-cell carcinoma. The origin of this tumor in the 
maxillary antrum and the formation of metastases in the regional lymph nodes, 
however, preclude the belief that the tumor could have been a basal-eell ear- 


cinoma. 


SUMMARY 

A case of transitional-cell carcinoma of the maxillary sinus involving the 
hard palate is reported. The site of occurrence, the histology of these tumors, 
and the difficulty of their diagnosis are discussed. Their grave prognosis because 
of metastases which recurred following a block dissection of the neck is illus- 


trated in the case presented. 


I am indebted to Mr. W. C. Mellor for permission to publish this case and also thank 
the Department of Medical Illustration, Crumpsal! Hospital, for producing the photographs. 
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ENDODONTICS 


INFLAMMATORY POTENTIAL OF ROOT CANAL MEDICAMENTS 
A Preliminary Report Including Nonspecific Drugs 


llerbert Schilder, A. B., D.D.S.,* Boston, Mass., and 
orton Amsterdam, A. B., D.D.S., F.A.C.D.,** Philadelphia, Pa. 


INTRODUCTION 


\IN or discomfort occasionally follows routine endodontie procedures. In 
Pan absence of periodontal complications, this discomfort is probably the 
result of one of three vectors or a combination of them: infection, improper 
instrumentation, and improper medication. This study is directed at an 
analysis of the role of medication in producing pain in root canal therapy. 

Endodontic medicaments will be defined as agents which are used within 
the pulp chamber and root canals for purposes of irrigation, sterilization, and 
amelioration of pain or other untoward symptoms. Injectable local anesthetics, 
rubber dam sterilizing agents, and drugs taken systemically have not been 
considered significant in initiating pulpal or periapical pain and have not 
been ineluded in these investigations. 

Drugs ean eause pain only if they are irritating per se, and then only 
if they are allowed to contact tissues which can be inflamed by them. For 
example, isotonie saline is non-irritating to the tissues for which it is isotonic; 
it can contact these tissues without causing inflammation or pain. On the other 
hand, sulfurie acid is irritating to most organie tissue. If sulfurie acid could 
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be used therapeutically without contacting the tissues for which it is an 
irritant, it, too, would cause no irritation or pain. If the acid contacted these 
tissues, however, pain would ensue. 

There is, therefore, an irritant potential to many drugs, irrespective of 
their manner of use. This irritant potential is of great importance in the 
practice of clinical endodonties. 

A further analysis of the role of medicaments in producing pain shows 
that two factors are involved: (1) the irritant potential of the drug itself 
and (2) the manner of its use. The method by which a drug is used in root canal 
therapy determines the tissues that it contacts and the quantities of the drug 
that are applied to these tissues. This latter factor, the manner in which the 
drug is used, has been extensively discussed in texts on endodonties. The irri- 
tant potential of the drugs themselves has received relatively little attention. 

Many clinicians, sensing perhaps that most drugs are capable of irritating 
periapical tissues, strongly suggest that the use of medicaments be limited to 
the confines of the pulp chamber and root canals.’* Since the source of bac- 
terial and chemical irritants in endodontic problems is in the root canals and 
not the periapical tissues, this clinical admonition to keep drugs from passing 
beyond the root apex is sound bacteriologically,* © and histopathologiecally’ as 
well. While wholly desirable, such limitation of instrumentation and medieca- 
tion within the confines of the root canals cannot always be achieved. A 
greater knowledge of the properties of the drugs that we use seems to be in 
order. 


OBJECTIVE 


This study is concerned with the extent to which the various medicaments 
used in root canal therapy can cause inflammation in tissues. Under ideal 
clinical management, these drugs should be confined to the root canal and 
should not come in contact with the periapical tissues. In actual practice, how- 
ever, acute periapical inflammations do occur from time to time as the result 
of overmedication or improperly directed medication. In these cases, the drug 
has passed beyond the apical foramen and acts as an irritant in the periapical 
tissues. 

It would seem desirable to know the inflammatory potential of the various 
drugs. With this information available, it should be possible, at a later date, 
to weigh the antimicrobial effectiveness of each medicament against its in- 
flammatory potential. Much more accurate data are available at the present 
time concerning the measurable antiseptic qualities of these drugs*?° than 
exists concerning their action as irritants. Knowledge of their inflammatory 
potential might lead to a more rational use of drugs in root canal therapy. 


METHOD 


In this study, mammalian soft tissue was used to determine the irritant 
potential of the drugs. Rabbits have long been the animals of choice for this 








<a eRe REESE emer pnn 


=eqeeees 


Rares ye = 





e12. INFLAMMATORY POTENTIAL OF ROOT CANAL MEDICAMENTS 913 


e of work. They are readily available and are almost immune to surgical 
ction. They have been used in carefully described inflammation studies 
ich are adaptable to our work.**-*® 

Twelve common medicaments were tested: Cresatin, camphorated para- 
orophenol, formocresol, eugenol, PBSC, Azochloramid, hydrogen peroxide 
er cent, 5 per cent sodium hypochlorite solution (NaOCl), Zephiran chloride 
|,000, beechwood creosote, silicone fluid (vehicle for PBSC), and distilled 
ter. 

Sterile physiologic saline was used as a control, PBSC, a much used poly- 
tibiotie paste (Grossman) containing penicillin, bacitracin, streptomycin, and 
prylate sodium in a silicone base, was included to represent the class of 
lyantibiotie preparations.’® All the other drugs represent a class of medica- 
nts known as nonspecific root canal disinfectants.” 

Two portions of the rabbit—abdominal integument and eyes 

lest areas. 

Skin Studies.—In the skin studies, two procedures were employed : 


1. One was the intradermal injection of 0.1 ¢.c. of each drug into the skin 
on the shaved abdomens of male white rabbits of 3,000 grams minimum weight. 
The use of male rabbits, while not essential, reduces the possibility of cutting the 
nipples during shaving. Shaving was accomplished first with graded electric 
clippers and completed with a straight razor. If any irritation was apparent 
at this time, the animal was not used until the following day. Great care had 
to be taken to make the injections intradermal, producing a wheal, and not 
subeutaneous. 

Skin observations were made after twenty-four hours. Frequently the 
lesions were allowed to mature for three days, after which further observations 


served as 





were made. 

2. A refinement of the skin technique was employed by introducing a vital 
(dye, trypan blue, into the blood stream of the animal. This is done by follow- 
ing the intradermal injections with the introduction of 6 ¢.c. of a saturated 
solution of trypan blue into the long veins of a shaved ear. The intravenous 
injection is performed one-half to one and one-half hours after those made by 
the intradermal route. Since increased capillary permeability is one of the 
earliest tissue changes in inflammation, the blue dye will rapidly accumulate 
around an irritant, illustrating the phenomenon of inflammatory localization.'” ** 
The quantity and intensity of the blue area localizing at the site of the original 
intradermal injection indicate the severity of the inflammation. These tissues 
can also be biopsied and the dye particles counted microscopically. Eventu- 
ally, the entire animal turns blue and remains so for about six weeks. 


Eye Studies—In the eye studies, 0.15 ¢.c. of each drug was introduced into 
the eye of a rabbit by drawing the lower lid out slightly and depositing the ma- 
‘erial into the conjunctival sae. Physiologie saline, 0.15 ¢.c., was introduced into 


the opposite eye as a control. The lids were gently pressed together for one 
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Fig. 1.—Control (physiologic saline). 





Fig. 2.—Cresatin. 
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Fig. 3.—Camphorated parachlorophenol. 





Figs. 1 to 6.—Rabbit eyes three to four hours after the introduction of 0.15 c.c. of drug into 


conjunctival sac. 
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Fig. 4.—Formocresol. 





PBSC. 





Fig. 5. 





Fig. 6.—Beechwood creosote. 
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minute to ensure adequate retention of the drug, and observations were they 
made in three to five minutes. Further observations were made in three to fou 
hours, one day later, two days later, and occasionally after five-day periods. 
The most reproducible results seemed to be observed in the three- to four 
hour eyes. This period of time seemed necessary to give a maximum effec 
after repeated trials. Longer periods of time led to experimental complication 
related to rates of healing. 
Observations included six general factors: 
1. Swelling of conjunctiva. 
2. Hyperemia of conjunctiva—redness. 
3. Etching or clouding of the cornea. 
4. Loss of clarity of fine anatomic marks normally visible in the iris. 
5. External swelling. 
6. Exudation. 
Observations were taken from the living animal in all eases, and not from 
Kodachrome slides which, while useful, occasionally miss a pertinent factor due 
to photographie difficulties. 


RESULTS 


The results of the skin studies are summarized in Table I. 


TABLE I. OBSERVATIONS ONE DAy FOLLOWING INTRADERMAL INJECTION OF 0.1 c.c. OF DRUG 








Severely Inflamed 
Beechwood. creosote 
Azochloramid (1:500 in triacetin) 
Camphorated parachlorophenol 
Eugenol 
Formocresol 
Chlorinated soda (double strength ) 


Slightly Inflamed 
Cresatin 
PBSC 

No Inflammation 
Distilled water 
Silicone fluid (DC 200) 
Zephiran (1:1,000) 
Hydrogen peroxide (3%) 

Note: In every animal, intradermal injection of physiologic saline gave no evidence 
of inflammation. 


: Since PBSC is a paste, it was necessary to dilute the material in an equal volume of 
silicone fluid (DC 200), the recommended vehicle for its antibiotic constituents. 





The medicaments fell into three easily discernible categories. It was 
found that the drugs which accumulated the greatest quantity of dye in the 
shortest period of time also displayed the severest reactions when no vital stain 
was used. 

Biopsies were made from the animals that received the vital stain soon 
after the stain accumulated. In the animals that did not receive trypan blue 
injections, the lesions were allowed to mature and observations were made 
daily. 
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The histologic sections were examined by the Department of Experimental 
Pathology at the Temple University Medical School, where minute differences 
» the degree of inflammation were noted. Those small differences, compared 
the obvious differences observable grossly, limited the significance of the 


lides. 
The results of the eye studies are summarized in Table II. 


TABLE II. RESULTS OF EYE STUDIES 


/REE TO FOUR HOURS AFTER INTRODUCTION OF 0.15 C.C. OF | 
DRUG INTO CONJUNCTIVAL SAC ONE DAY LATER 


erely Inflamed 

Beechwood creosote 

\zochloramid (1:500 in triacetin) 
Camphorated parachlorophenol 
PBSC 

Eugenol 

Formocresol 


inflammations continued 


oderately Inflamed 
Chlorinated soda (double strength ) Inflammations continued 
Hydrogen peroxide (3%) 


Slightly Inflamed 
Zephiran (1:1,000) Normal 


Vo Inflammation 
Distilled water Normal 
Cresatin 
Silicone fluid 








Note: In every ‘animal, the control eye, into which physiologic saline had been intro- 
luced, showed no evidence of inflammation. 

The accumulated data were examined by the Ophthalmology Department 
of the Temple University Medical School, where it was decided that four cate- 
gories of reaction were exhibited but that no numerical values could be 
assigned to the individual drugs within any one category. 


DISCUSSION 


Inflammation in this study is considered to be the reaction of tissues of 
higher animals to an injurious stimulation or irritant.’ It varies from a barely 
perceptible reaction, or hyperemia, to the production of pus, or suppuration. 

On a cellular level, the phenomenon of inflammation varies little from tissue 
to tissue or from animal to animal among the higher species. Cellular changes 
take place as a result of the presence of the irritant, and well-known vascular 
events are observed” : 

1. After transitory constriction, capillaries in the inflamed area 
dilate. 

2. Momentary acceleration of the flow of blood in the area is 
followed by marked slowing of the blood stream. 

3. Margination, in which the leukocytes move from the axial 
stream to the peripheral zone of the capillaries, is observed. 


4. Soon plasma and white blood cells permeate the capillary 
lining, contributing to the inflammatory exudate. Then the ameboid 
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movement of the white blood cells through the capillary wall, or dia- 
pedesis, occurs. These vascular changes, of course, are well known and 
have been observed in the same sequence in all animals. 


The biochemical phenomena in inflammation have also been observed i 
many higher animals. Menkin"’ describes the following chemical factors aft 
assaying samples of inflammatory exudate taken from any higher animal 1 
gardless of the site of inflammation or the nature of the irritant: leukotaxin: 
leukocytosis-promoting factors, neerosin, pyrexin, glucose, and growt 
promoting factors. These chemical entities have been erystallized and, upo 
injection into another animal, will produce some particular characteristic of 


the inflammatory response. 

It is unnecessary to record in this article the details of the cellular changes 
for which each of the isolated chemical factors is responsible. Also, we are 
not discussing the characteristic pH changes which are observed in all inflam- 
matory tissues.** It should be clear, however, that although the symptoms of 
inflammation may vary slightly, depending on the tissues in which it is found, 
the basie elements of inflammation are the same regardless of the animal or 
area chosen for study. 

The universal characteristics of inflammation have led many investigators 
to use undifferentiated connective tissue for their studies of cellular reactions. 
Likewise, the common elements involved in inflammation have led medical and 
pharmaceutical researchers to use the rabbit’s eye for screening drugs when 
the irritant potential of the medicament was to be determined.'*'* These 
areas are easy to handle, easy to observe, and have given consistent results. 

Although certain advantages might be obtained by testing the root canal 
medicaments in periapical bone, certain disadvantages attend comparative 
studies of that type. Innumerable clinical variables were eliminated by testing 
the drugs in undifferentiated connective tissue and in the eye. The two tissues 
also complement each other in degree of sensitivity to irritants, the connective 
tissue being somewhat resistant and the cye being extremely sensitive to 
inflammation. 

As a consequence of the variables involved in clinical endodonties, the 
suecessiul use of a drug does not prove that it is non-irritating. The skill of 
the dentist, the care taken in chemomechanical instrumentation, the presence 
or absence of infection, and the judiciousness with which root canal medication 
is applied all leave the validity of clinical studies of inflammation in doubt. 

Since the purpose of this study is the basic one of determining the in- 
flammation potential of the drugs themselves, analyses of results with clinica! 
patients were not included. The results should not be interpreted, therefore. 
as a direct comment on the clinical effectiveness of any drug. Neither should it 
be implied that the role of drug therapy in endodonties is of paramount im 
portance in successful root canal work, since chemomechanical cleansing an‘! 
complete obturation of the canal are probably of greater significance.” °° 
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Nonetheless, certain clear-cut observations may be made: 

1. Several nonspecific root canal medicaments which have long been 
onsidered to be highly irritating showed high irritant potentials in both 
nethods employed in the study. Ineluded among these were formocresol, 
eechwood erecosote, and Azochloramid. 

2. In addition, two widely used root canal medicaments of proved clinical 
ffeetiveness exhibited very high irritant potentials, namely, eamphorated 
arachlorophenol »nd PBSC. Therefore, it seems incorrect to speak of 
‘amphorated parachlorophenol as a non-irritating drug, although it may be 
leseribed as non-ircitating under conditions of good elinieal use. The same 
could be said for PBSC. These findings seem to re-emphasize the admonition 
that root canal medicaments be confined to the root canal and kept away from 
the periapical tissues. It was also interesting that, although the vehicle for 
the antibiotics in PBSC was non-irritating, the total preparation was an 
irritant. Another study, undertaken to determine why PBSC was irritating 
and what could be done to correct this, will be reported in the near future. 

3. The common dental anodyne, eugenol, was found to be highly irritating. 
This finding reminds us that anodynes have various modes of action and that 
pain relief is not synonymous with freedom from inflammation. 

4. The commonly used irrigants, hydrogen peroxide and chlorinated soda, 
while possessing some irritant potential, cause less severe reactions than do 
most of the drugs sealed in root canals between visits. 

5. Several medicaments or agents—Zephiran chloride, cresatin, distilled 
water, and silicone fluid—showed little or no inflammation potential. Zephiran 
is oceasionally used as a root canal irrigant,*! and whatever its clinical ad- 
vantages or disadvantages may be, it seems to be relatively non-irritating. 
Distilled water and silicone fluid are so non-irritating that no indication of 
their presence remains at the site of intradermal injection as soon as the fluid 
diffuses out of the wheal. 

6. Cresatin was the only widely used root canal medicament described in 
the literature as non-irritating*’ which proved to be so in our studies. This 
drug is the acetie acid ester of metacresol. Coolidge® described it as having a 
characteristic persistent spicy odor and as having an anodyne effect on living 
tissue. He observed it to be non-irritating on tissues in full strength, although 
he did not deseribe his testing methods. He used it in combination with ben- 
zine (a substance with little germicidal action alone) and found the solution 
to have a phenol coefficient of 0.75. He deseribed it as a very satisfactory 
remedy in root canal treatment in spite of its mild antiseptic properties and 
attributed much of its effectiveness to its prolonged action, since the drug is 
not readily exhausted, and to its low surface tension. Others have reported on 
the clinical effectiveness of cresatin.” * 22. The low surface tension may permit 
the drug to penetrate inaccessible crevices and canals by its wetting action and 
its penetration of fats and oils. Coolidge found the surface tension of this 
drug to be 37.7, and we found samples to exhibit surface tension of 31 + 5 dynes 
per eentimeter.”° 
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As a result of this study, cresatin has become the medicament of choice fo: 

dressings in root canals following vital extirpation and in all other root canals 

after the first negative culture has been obtained at the Temple University 
Dental School** and the Beth Israel Hospital. 


SUMMARY 


Injudicious use of root canal medicaments can be one of the factors 
responsible for posttreatment pain. Although many clinically effective drugs 
were reported as non-irritating, very little controlled work was available t 
substantiate these claims. It seemed desirable to know more about the 
properties of the drugs that we use and to couple our knowledge of their anti- 
microbial potency with information regarding their inflammatory potential. 

In accordance with accepted medical and pharmaceutical methods, several 
nonspecific root canal drugs and irrigants were tested by placement in the 
undifferentiated connective tissue of rabbit integument and by deposition in 
rabbit eyes. One commonly used polyantibiotic paste, distilled water, and 
a commonly used vehicle were also studied. 

Many nonspecific root canal drugs were found to be highly irritating, as 
was the polyantibiotic paste that was tested. Successful clinical use of these 
drugs does not prove them to be less irritating but re-emphasizes the fact 
that drugs can and should be kept from contacting periapical tissues. Com- 
monly used irrigating solutions were found to be slightly irritating but con- 
siderably less so than most drugs placed in the root canals between visits. 
Zephiran chloride, distilled water, and cresatin exhibited little or no inflam- 
mation potential. Some observations were made concerning the desirable 
properties of cresatin. 
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A NEW AND SUPERIOR ENDODONTIC BACTERICIDAL AGENT 


Part II 


E. James Best, D.D.S.,* B. Franklin Gurney, B.S., M.S.,** and 
Audrey Conlin, R.N.,*** Chicago, Ill. 


INTRODUCTION 
INCE the very inception of the science of endodonties, constant investigation 
has been conducted to develop new materials and techniques for use in the 
treatment of the exposed and degenerating pulp. With the introduction and 
standardization of newer instruments, the biomechanical preparation of the 
root canal can be accomplished in a minimum amount of time. Furthermore, 
simplified techniques for the filling of the root canal, such as those suggested by 
Sommer’ and others,” allow the dentist the maximum of aceuracy while using 
gutta-percha to fill and seal the root canal and apical foramen. The use of 
silver cones following the procedures formulated by Jasper* makes filling the 
multirooted tooth a routine endodontic accomplishment. However, sterilization 
of the root canal with the complete elimination of bacteria and microorganisms 
may, and many times does, consume the most time and greatest number of 
appointments of an endodontie program. In our opinion, this phase of treat- 
ment presents the greatest barrier to the general practitioner who attempts 
endodonties. Others maintain that instrumentation is most important. 

The chemotherapeutic agents used in the treatment of infectious material 
in the root canal have been many and varied. For years the majority of 
dentists relied on the germicidal compounds, such as the phenolic preparations. 
Because of the inherent toxicity of these drugs, frequent periodontitis and peri- 
apical necrosis resulted. After such discouraging experiences as these, many 
dentists recommended extraction as the most practical treatment of the exposed 
or infeeted pulp. 

Fortunately, in recent vears the development of the endodontic bactericidal 
agents has made impressive advancements. The introduction of the antibiotic 
and polyantibiotie materials by Grossman‘ stimulated the dental profession 
once again to try a new remedy. Further development of bactericidal agents 

*Chairman, Department of Endodontics, Loyola University School of Dentistry. 
mantie Department of Bio-Chemistry and Research, Loyola University 


~ ***Supervisor, Sterilization and Record Section, Department of Endodontics, Loyola 
University School of Dentistry. 
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is marked with the advent of Benzylog by Casey, Gurney, and Rapp.’ This 
ig was para-aminotoluene sulfonamide used as an impregnant in endodontic 
iper points and as a topically applied bactericidal agent. 
From the extensive clinical experience gained in the investigation of 
enzylog, we arrived at the following conclusions: 
1. The use of an impregnated endodontic paper point was an ideal 
vehicle for the treatment of infection in the root canal. 

2. The use of an aqueous solution of the drug, applied topically, en- 
haneed the therapeutic activity of the impregnant. 

3. Although para-aminotoluene sulfonamide possessed excellent anti- 
bacterial properties, there were certain root canal contaminants 
against which its action was limited.® 

It was necessary, therefore, to improve this drug or to find another endo- 

dontie baetericidal agent which would overcome these deficiencies. 

In a previous article? we have shown that if 5-nitro-2-methylfurfuryl ether 
is combined with para-aminotoluene sulfonamide, the therapeutic deficiencies 
of Benzylog are completely overcome as demonstrated by in vitro experiments. 

In this article a clinical program for testing this new preparation, which 
ve have elected to call Endo-cide,* is set forth and the results are reported ac- 


+ 


cordingly. 


CLINICAL INVESTIGATION 


All teeth selected for this study were pulpless. Prior to selection, each 
tooth was examined with radiographs and tested with an electrical vitalometer. 
As many eases as possible with extensive periapical bone involvement and 
fistulous traets were chosen, since, in our opinion, eases such as these would be 
a true clinical test of the effectiveness of the drug. The root canal was not 
filled until two consecutive negative cultures were obtained. The clinical test- 
ing program that we established to conduct this phase of the study was carried 
out in the following manner: 

Appointment 1.—The tooth was isolated with the rubber dam and all 
carious areas and defective fillings were removed and filled with zine-oxyphos- 
phate or silieate eement. Plastie crown forms and stainless steel bands were 
adapted to all degraded teeth. The rubber dam was cleansed with tineture of 
Mereresin followed by an application of 70 per cent ethyl aleohol. Entrance 
into the pulp chamber was gained through the lingual surface of anterior teeth 
and the occlusal surface of posterior teeth. The coronal portion of the pulp 
vas removed, and the canal was gently explored with a smooth broach. Where- 
ever possible, irrigation of the root canal was attempted with the Endo-cide 
solution to facilitate the removal of soft necrotic pulpal debris. The canal was 
‘hen dried with sterile paper points. A dry Endo-cide point was inserted into 
he canal so that the tip did not extend beyond the apical foramen. The butt 


*Endo-cide will be made available by the Novocol Chemical Mfg. Co., Inc., Brooklyn, 


York, 
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end of the point was moistened with Endo-cide solution, over which was place: 
a pellet of cotton to act as a reservoir for the solution. A double seal o 
temporary stopping and zine-oxyphosphate cement was used to close the tooth. 


Appointment 2.—The tooth was isolated with the rubber dam, which was 
cleansed with tincture of Mereresin followed by an application of 70 per cent 
ethyl aleohol. With sterile instruments, the dressing was removed and th: 
canal was thoroughly dried with sterile paper points. A sterile paper point 
was inserted into the canal and a bacterial sample was taken. The culture point 
was then placed in a tube of brain-heart infusion broth and incubated for bac- 
teriologie examination. The remainder of this appointment was utilized in 
obtaining the diagnostic radiograph and completing the biomechanical prepara 
tion. A dressing was inserted in the manner described for the first appoint- 


ment. 


PERFORMANCE DATA 
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Fig. 1.—Clinical efficiency of Endo-cide. (See text for explanation.) 
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Appointment 3.—The second culture was taken at this appointment, and 
a new dressing was inserted. Sealing of the tooth was completed in the manner 
described in the initial appointment. 

Appointment 4.—If two consecutive negative cultures were obtained, the 
root canal was filled with either gutta-percha or silver cones. 

The culture medium used for all the cases in this study was brain-heart 
infusion broth. Bacteriologic examination was made at intervals of twenty- 
four, forty-eight, seventy-two, and ninety-six hours. If there were no visibl 
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inges in the culture medium after ninety-six hours, the culture sample was 
emed negative. Each case was treated in precisely the manner described in 
. foregoing paragraphs, with two consecutive negative cultures a prerequisite 
ior to filling the root canal. A total of 304 cases, of which 193 were anterior 
th and 111 were posterior teeth, were completed for this investigation. The 
sults are shown in Fig. 1. 


A demonstration of postoperative healing and repair is shown in Figs. 2 





C D. Cc. D. 
Fig. 2. Fig. 3. 

Fig. 2.—The patient was a 27-year-old man with extensive loss of the coronal portion of 
the upper lateral incisor due to traumatic injury about eleven months prior to admittance for 
endodontic treatment. There was slight mobility of the tooth, with a perforating fistulous tract 
approximating the apex of the lateral incisor. A. Prior to treatment; B, diagnostic measure- 
ment radiograph; C, January, 1955, root canal filled with gutta-percha and eucapercha three 
weeks after treatment was begun; D, February, 1956, postoperative radiograph thirteen months 
ifter treatment. 

Fig. 3.—The patient was a 16-year-old boy with carious exposure of the pulp of the upper 
right lateral incisor. He presented extensive swelling and edema of the upper right quadrant of 
the face, with partial closure of the right eye. The tooth was opened and permitted to drain for 
three days prior to sealing in Endo-cide dressing. A, Prior to beginning treatment; B, diagnos- 
tic measurement radiograph; C, June, 1955, root canal filled with gutta-percha and eucapercha 


eventeen days after first appointment; D, June, 1956, postoperative radiograph twelve months 
ifter completion of treatment. 


DISCUSSION 


In any problem of this nature, it is most important that careful attention 
be paid to the possibility of obtaining false negative culture results in the 
culture broth tests. Such false negative results may come about by inadvertent 
‘ontamination of the culture medium with residual antiseptal agent still active 
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Fig. 5. 


Fig. 4.—The patient was a 13-year-old boy with carious exposure of the pulp of the upper 
right central incisor. The tooth was asymptomatic and slightly mobile. A, Prior to beginning 
treatment; B, diagnostic measurement radiograph; C, February, 1956, root canal filled with 
gutta-percha and eucapercha sixteen days after first appointment; D. March, 1957, radiograph 
taken thirteen months after root canal was filled. 

Fig. 5.—The patient was a 47-year-old woman with necrosis of the pulp resulting from 2 


deep gingival amalgam filling in the lower left first premolar. There was a perforating fistulous 
tract approximating the root apex of the first premolar. The patient had noted swelling and 
drainage in the area about six months prior to beginning endodontic treatment. A, Case prior 
to beginning treatment; B, diagnostic measurement radiograph; C, February, 1955, root cana! 
filled with gutta-percha and eucapercha seventeen days after first appointment ; D, April, 1956, 
postoperative radiograph taken fourteen months after the case was completed. 
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he canal. From a previous work, not yet published, and from more recent 
stigation, we have determined that this factor is at a minimum if the anti- 
al dressing remains in the root canal ninety-six hours. Therefore, the pa- 
's cooperating in this study were scheduled with appointments separated 
ntervals of four or more days and usually not exceeding seven days. 


Fig. 7. 


Fig. 6.—The patient, a 14-year-old girl, had a history of a partial pulpectomy having been 
ttempted on the lower right second molar. The tooth became sensitive to percussion. Upon re- 
me l of filling and capping material, a putrescent odor was noted. A, Prior to treatment; B, 
May, 1955, root canals filled with gutta-percha and eucapercha nineteen days after beginning 
treatment; C, January, 1956, postoperative radiograph taken eight months after completion of 
treatment. No further postoperative radiographs were available. 
Fig. 7.-—The patient was a 32-year-old man with complete necrosis of pulp resulting from 
irrent caries around a mesial amalgam filling. The tooth was extremely mobile. A, Case 
r to beginning treatment; B, January, 1957, case showing root canals filled with silver cones 
nd silver cement twenty-nine days after beginning treatment; C, August, 1957, postoperative 
graph taken eight months after case was completed. 


A glance at Fig. 1 will show that 90.5 per cent of all cases were treated 
essfully in four appointments, which was the minimum number of visits for 
pletion of a ease under the described clinical testing program, 7.2 per cent 
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of the cases were completed in five appointments, and 2 per cent required six 
visits. One case required seven appointments. We consider this performance 
as extremely successful in that all eases involved pulpless teeth, many of which 
presented extensive periapical bone involvement and large granulomas. In 1 
similar manner, the rapid regeneration of periapical bone tissue, as shown in 
Fig. 1, was not only highly satisfactory but indicative, in our opinion, of 1 
marked lack of toxicity of Endo-cide. 

No side reactions of any kind were observed in any patients chosen for this 
study. Careful vigilance was exercised in this respect, since both para-amino- 
toluene sulfonamide and 5-nitro-2-methylfurfuryl ether contain exposed nitro- 
gen-containing radicals which may cause some unwanted side reactions. 


CONCLUSIONS 


1. The chemotherapeutic mixture of para-aminotoluene sulfonamide and 
5-nitro-2-methylfurfuryl ether, used as described, has proved to be a highly 
effective bactericidal agent for use in the practice of endodonties. 

2. Because of Endo-cide’s wide antimicrobial spectrum, lack of toxicity and 
side reactions, complete ease of use, relative lack of culture problems, and high 
elinical efficiency, we regard this agent to be clinically superior to previously 
existing endodontic bactericidal agents. 
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PHARMACOLOGY AND THERAPEUTICS 


DRUG CONTROL OF THE DENTAL SALIVARY PROBLEM 


Donald H. Masters, D.D.S., San Antonio, Texas 


INTRODUCTION 


ENTAL procedures present enough problems at best without the presence 
D of excess saliva, which reduces aceuracy and thoroughness and tends to 
tire the operator. Saliva ean reduce visibility and thus obscure defects from 
the eyes of the dentist. Accordingly, quality dentistry demands that the 
operator exert a measure of control over excessive secretions, especially in 
the case of diffieult procedures. 

A survey of medical literature’ shows that the medical profession is 
using drugs to help control the problem of excess secretions. Mechanical 
aspiration to remove the accumulating secretions fails in many instances to 
produce a desirable working field. When aspiration is combined with a drug 
that arrests these seeretions temporarily, however, an ideal working field 
is much easier to obtain. 

The use of a preoperative drying agent in the ambulatory dental patient 
poses certain special problems with which the medical surgeon does not have 
to contend. Any agent producing sialoschesis or suppression of salivary secre- 
tion for routine use in the average dental practice should meet the follow- 
ing requirements : 

|. It should produce good reduction of salivation. 

It should be easy to administer, preferably by mouth. 

It should be specific enough for excess salivation so that the patient 
can be ambulatory within an hour or two, unhampered by unde- 
sirable side effects. 

It should be compatible with other routine dental agents, such as 
anestheties, hypnoties, and antibioties. 


) 
> 
> 


HISTORY 


Medical anesthesiologists have narrowed the choice of drugs suppressing 
the flow of saliva that would fit these criteria. All that have been proved to be 
of value have fallen into the group that pharmacology books list as anti- 
cholinergie drugs. 
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Leigh and Belton’ found scopolamine superior to atropine in decreasing 
secretions. Milani and Artola' found that levo-hyoscyamine afforded satis- 
factory inhibition of secretions preoperatively in 85 per cent of a group o! 
children as compared with only 41 per cent effectiveness for atropine. Griggs. 
Adriani, and Berson? evaluated levo-hyoscyamine, scopolamine, atropine, Ban- 
thine, and Demerol for use in throat operations in children. Atropine ‘‘ prove:! 
to be quite disappointing.’’ Demerol also proved to be poor. Banthine ar- 
rested salivation well, but the side effects of hyperthermia and tachyeardia 
were excessive. Only levo-hyoscyamine and scopolamine proved satisfactory. 
both ranking about the same. In a later study, Griggs and Adriani® found 
that scopolamine does not protect the heart against vagal stimulation, whereas 
levo-hyoseyamine does. Wise, Tillman, and Crawford,® using levo-hyoseyamine 
subcutaneously in children as a preoperative drying agent, report that it is 
somewhat faster in action than scopolamine. They also found the slight cen- 
tral sedative effect of levo-hyoscyamine more desire than the occasional dis- 
orientation and hallucinations that are reported with scopolamine. No 
discernible respiratory depression or hyperthermia was noted with levo- 
hyoseyamine. 

It should be noted from these reports that the incidence and degree of 
side effects played a major role in the assessment of the usefulness of these 
drugs. Dentistry should go even further than medical anesthesiology in avoid- 
ing undesirable side effects in ambulatory patients, since good toleration in- 
creases the clinical value of such an agent. 

These specific reports on the effectiveness of levo-hyoscyamine (Bella- 
foline, a product of Sandoz Pharmaceuticals, Hanover, New Jersey) to arrest 
salivation, plus other reports of its efficacy in controlling spasm,’-™* led us to 
conelude that it would be a logical agent with which to premedicate dental 


patients for salivary suppression. 


PHARMACOLOGY 
sellafoline comprises all the levorotatory alkaloids of belladonna, princi- 
pally levo-hyoseyamine. Goodman and Gilman, Cushny,™ and authors of 
other standard pharmacology texts point out that it is this levorotatory form 
of belladonna that is therapeutically active. For example, Goodman and Gil- 
man" say: ‘‘Atropine is racemic, being a mixture of equal parts of the opti- 
eal isomers of hyoscyamine. Inasmuch as dextro-hyoseyamine has weak pe- 
ripheral actions in the body, atropine owes its potency chiefly to its content 
of levo-hyoscyamine. The latter has the same central actions as atropine but 
is twice as powerful in its peripheral autonomic effects.’’ 
Atropine 
(Racemic ) 
Levo-hyoscyamine Dextro-hyoscyamine 
( Bellafoline ) (Central effects only ) 








(All the peripheral 
effects including 
secretory drying) 
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rHOD OF APPLICATION 

[ well appreciate the limitations of subjective analysis in comparison to 
itrolled studies. However, proof of levo-hyoseyamine’s value as an anti- 
lagogue has already been established. The purpose of this study was to 
iluate the clinical effect of this drug on the dental patient and to see 
iether it met the previously established criteria for a dental antisialagogue. 
ic best controlled studies must also be proved by careful clinical observation 


ring everyday practice under a variety of conditions. 
Studies on levo-hyoscyamine as a dental drying agent have been made 
er a period of two years of active dental practice. Over 1,500 doses have 
been administered during this time, with notes kept on degree of salivation 
estimated as light, medium, or heavy), body type (whether small, medium, 
or large), and time lapse from the administration of levo-hyoscyamine to the 
int where the operator no longer noticed a moisture problem. 

Where indicated, Nembutal was employed to alleviate central excitation 
and to potentiate anticholinergic (including drying) effect. The dosage of 
Nembutal varied from 0.75 grain in mildly excited persons to 1.5 grains in 
highly nervous patients. 

Most patients in this study were premedicated, as described, for perio- 
dontal surgical procedures or other related operations. In many instances a 
local anesthetic was also employed. 

Also evaluated was Elixir Belladenal, which is a liquid form of levo- 
hyoseyamine (Bellafoline) and phenobarbital. The results with this form 
were good, but it is felt that phenobarbital’s onset of action is too slow and 
its duration of effect is too long for the average dental procedure. It is 


preferable to use a short- or medium-acting barbiturate. 


RESULTS 

It was noted, as one would suspect, that larger body types usually needed 
more drug than smaller body types. Otherwise, the main faetor that de- 
termined dosage of levo-hyoseyamine was the degree of salivation. Table I 
shows the amount of levo-hyoscyamine found to be appropriate for threé types 


of salivators. We employed tablets, each containing 0.25 mg. levo-hyoseyamine. 


TABLE I 
DEGREE OF SALIVATION - AMOUNT OF LEVO-HYOSCYAMINE AND TIME 
( VISUALLY ESTIMATED ) OF ADMINISTRATION 
Light 1 tablet 1 hour before operation 
Medium 2 tablets 1 hour before appointment 
Heavy 1 tablet 4 to 6 hours before appointment 
time, followed by 2 tablets 1 hour before 


appointment 


The tablet may be ingested orally, or it may be absorbed sublingually if a 
nore rapid effect is desired. Since the tablet is tasteless and easily disinte- 
erated, the patient does not object to this latter method of application. 
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TABLE II 











GOOD FAIR POOR 
(PER CENT ) (PER CENT ) | (PER CENT ) 
70 20 10 








Good indicates adequate reduction of salivary flow to produce a 
desirable operative field. 

Fair indicates a slight reduction but a somewhat noticeable salivary 
flow still present. 


Poor indicates no reduction in salivary flow noted. 





Using the above dosage schedule, there were no noticeable side effects 
that could be attributed to levo-hyoseyamine alone. Slight variation in the 
duration of action of levo-hyoseyamine was observed. It should be noted 
that any drug containing belladonna is contraindicated in severe cases of 
glaucoma. 

Our estimate of the degree of effectiveness of this drug can be seen in 
Table II. 

The percentage of effectiveness does not totally reflect the efficiency of 
the drug itself, since there is a likelihood of human error in judgment in 
the dosage selected for each patient. In other words, it is entirely possible 
that an additional half tablet would have converted a fair result to a good 
result. A measure of control was afforded by those instances in which levo- 
hyoscyamine was not employed. For example, for a surgical procedure the 
individual patient received the described medication, but the drug was with- 
held on some subsequent related appointments. The abundant salivary flow 
observed in the latter instances increased our awareness of the helpful effeets 
of the drug. 


DISCUSSION 

There is no phase of dentistry that is not benefited by salivary control. 
The reader can no doubt think of many instances in which such control would 
prove advantageous. 

With good observation of the degree of salivation and with proper dosage, 
the results of salivary control with levo-hyoscyamine are considered to be 
predictable within reasonable limits. 

It is encouraging to find a drug which will meet the previously laid down 
criteria for an antisialagogue. The antispasmodic action of the drug also 
seemed to be helpful, especially in curbing the nausea experienced by some 
patients. In addition, the “‘gag reflex syndrome’’ seemed to be controlled 
in several typical gagging patients. This latter observation is one that bears 
further investigation and confirmation, since it would add immeasurably to 


é 
the value of this agent. 


CONCLUSION 
1. The need to bring salivation under the control of the dental operator 


is recognized. 
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2. A review of secretion-suppressing drugs from the field of medical 


esthesiology is presented. 

3. A drug, levo-hyoscyamine, was tested clinically to determine its use- 
ness as a dental antisialagogue. It was found to satisfy the following require- 
nts: 

(a) It is a good salivary inhibitor. 

(b) It is easy to administer. 

(ec) It gives no discernible clinical side effects. 

(d) It is not contraindicated in the presence of other routine dental 

drugs commonly employed. 
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Section by the 
ARMED FORCES AND PUBLIC HEALTH SERVICE 


METHODS USED IN EVALUATION OF HIGH-SPEED 
DENTAL INSTRUMENTS AND SOME RESULTS 


Joseph L. Bernier, Colonel, DC, USA, and Milton J. Knapp, Captain, DC, USA 


INTRODUCTION 


URING a recent two-year period, the Dental and Oral Pathology Branch at 
: I 2) 


the Armed Forces Institute of Pathology tested and compared fourteen 
high-speed dental instruments. The primary aim was to determine whether 
or not the important gains in cutting efficiency might be outweighed by del- 
eterious effects of high speed on patients, operators, or teeth. It was also 
expected that one of the instruments might be recommended for use by the 
Army Dental Corps. This was not done for several reasons, including the 
fact that marked improvements were made in some instruments so near the 
end of our test period that they could not be included for evaluation. 

It is the purpose of this article to present the methods used in evaluation 
as well as some results of our experience with the high-speed cutting devices. 
Two aspects are discussed in detail, namely, (1) the biologic effects of high- 
speed instrumentation on the dental pulp and (2) the possible acoustic trauma 
to the operator through continued exposure to sounds of the intensity inherent 


in high-speed instrumentation. 


METHODS OF RATING 


The methods adopted for comparisons of our fourteen instruments are 
presented both as a possible guide to members of the profession who may be 
engaged in similar tests and as a basis for discussion of considerations found 
to be important in selection of any high-speed dental instrument. 

Selection of Factors for Rating—An attempt was made to compare thie 
instruments as objectively as possible. All possible factors obtained through 
our observation and testing period were listed, and statistical advice was 
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tained as to those which would achieve maximum objectivity. The rating 
ments finally selected comprised four main categories—instrument efficiency, 
eets on patient, effects on operator, and miscellaneous aspects. The twenty- 

rating elements in these categories and the definitions of each are shown 


Table I. 


TABLE I. RATING ELEMENTS AND DEFINITIONS 








DEFINITIONS 








\TEGORY |RATING CATEGORY AND ELEMENTS | 

A. Instrument Efficiency 
1. Power transmission 1. Power transmission from source to bur; 

rated on maneuverability 

. Highest rating assigned to speeds of 
100,000 r.p.m. or over, on basis of Kil- 
patrick’s3 work 

3. Rated on variability 

Based on amount of force needed to push 

a tooth into a revolving bur in order to 


stall bur 


bo 


2. Cutting efficiency 


~ 


3. Speed control 
4. Torque 4. 


5. Bur reversibility 5. Reversible or not reversible 

6. Chuck efficiency 6. Based on test drilling; measurement of 
corrected diameter of bur against drilled 
hole 

7. Cooling systems 7. Based on combinations of air and water, 
with and without selectivity 

B. Effects on Patient 

1. Noise level 1. Decibel level directly proportional to irri- 
tational effect at 76 decibels and above 

2. Cutting efficiency 2. Patient comfort based on relative speed of 
instrument, which reflects cutting efficiency 

3. Safety in torque (soft 3. The less the torque, the greater the safe- 

tissue ) guard to soft tissue 


4. Safety in torque (cavity 4. The greater the torque, the more the tactile 
preparation) sensation and consequently less danger of 
pulpal exposure 


3A Effeets on Operator 
i. Hazard from noise 1. Highest decibel level 76 and over rated as 
most likely to produce acoustic trauma 
2. Fatigue from working 2. Optimum torque range set at 10 to 30 oz. 
pressure pressure; above 30 oz. considered physi- 


cally tiring; below 10 oz. considered men- 

tally tiring 

3. Fatigue based on unwieldi- 3. Rated on 5 factors: spray attachment, 
ness of handpiece position at which tubes enter handpiece, 

over-all size, size of operating head, and 

length of handpiece 


4. Facility of foot control 4. Based on design of foot control 
5. Fatigue from handpiece 5, Based on actual weights of handpiece, in 
weight grams 
Dd. Miscellaneous Aspects 
1, Range of operative pro- 1. Based on facility of cutting various prep- 


arations and other operations, such as 
prophylaxis and polishing 
2. Tractability of handpiece 2. Smoothness of handpiece design 


cedures 


design 
3. Chuck durability 3. Estimate of length of life 
4. Ease of cleaning 4. Based on estimate of time per hour of 


use for cleaning, lubricating, and steriliz- 
ing under ordinary operating conditions 
5. Acceptability of steriliza- 5. Based on method of sterilization 
tion techniques 
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Testing Devices.—Two special testing devices were required to obtain in- 
formation on which to base comparative ratings. These are briefly deseribe:| 
and the measurement techniques are explained in the following paragraphs. 

A special test was required to measure the efficiency of the chucks. The 
apparatus for drilling the centric holes consisted of a machined aluminun 
jig and chucking device that would hold any dental handpiece. Two precisel) 
machined metal bloeks—one small and the other larger—were placed under- 
neath, and the handpiece was adjusted so that the bur could be placed in 
flat horizontal alignment against the lower block. The upper block, which 
was machined so that it was perpendicular to the lower block, was used for 
lateral alignment of the bur. A strip was mounted at right angles to the 
base of the jig. A small ivorine block was then pushed along the guide strip 
into the revolving bur in a direction parallel to the axis of the bur. The hole 
produced was measured with a micrometer on a microscope. 

Nomographs were constructed for graphic computation of relative varia- 
tions between bur size and drilled hole. Chart 1 shows an example of how 
such a nomograph might be utilized. In making the desired computations, 
the first step is to find the true bur diameter* on the left-hand seale. Next, the 
diameter of the hole (that was drilled with the same bur) is located on the center 
seale. Finally, a line is drawn to pass from the first point through the second 
point until the right-hand seale has been intercepted; the value of the inter- 
cept is the per cent variation for the chuck which held the bur. This is 
predicated on the hypothesis that if the chuck had no wobble or eccentricity, 
the diameter of the hole would closely approximate the true diameter of the 
bur; therefore, the difference between bur diameter and hole diameter is largely 
due to the eccentric rotation of the chuck. The per cent variation is this differ- 
ence as a percentage of the true bur diameter. The closer this value comes to 
zero, the more efficient is the chuck. 

Chart 1 permits direct comparison of one type of drive with another. 
The most efficient chuck from each type has been selected for this purpose. 
The nomograph values are taken from four basic charts, one for each type 
of instrument. 

The linear speed of the cutting tool, determined by its diameter, governs 
the rate of energy applied to remove the tooth structure. Kilpatrick’ * points 
out that with the higher rotational speeds better preparations can be com- 
pleted more rapidly and with reduced vibration, resulting in less tension for 
patient and operator. On the basis of his work, speeds of 100,000 r.p.m. and 
over produce maximum cutting efficiency. Speeds in the range of 100,000 
r.p.m. and over were obtained with all three of the belt-driven handpieces and 
the air turbines. 

In combination with the r.p.m., the energy developed by the driving 
mechanism determines the efficiency of a dental instrument. This energy is 
called torque and in our tests was measured by the amount of pressure re- 
quired to stall a revolving bur while cutting tooth structure. 

The apparatus used for measuring the torque of the fourteen instruments 
consisted essentially of a closed air pressure system which was connected to 


*True bur diameter means the actual diameter of the bur plus the bur’s own eccentricit) 
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arge Luer-Lok syringe. A jig for holding the tooth was then mounted on 

plunger. The plunger with the mounted tooth was forced against the 
volving bur by air pressure. The pressure at the point at which the bur 
lled, with the instrument operating at maximum speed, was defined as the 
iount of torque. 

On the basis of these tests, the torque of all gear- and belt-driven hand- 
eces amounted to 56 ounces or more. The lowest torque rating was 6 ounces 
r each of two air turbines. 
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Chart 1.—Relative efficiency of chucks. 


A major problem arising from introduction of high-speed dental instru- 
ents is that of possible acoustic trauma to the operator through continued 


In recognition 


exposure to sounds of the intensity inherent in such speeds. 
The verbatim 


of this danger, a human exposure experiment was conducted. 

report follows: 
OpERATOR H[AZARD SOUND EXPERIMENT 
Report of the Bioacoustie Laboratory of the Audiology and Speech Center on 
the Variations in Ifuman Thresholds of Hearing Following Exposure to a 
Representative Air Turbine Dental Drill) 
“As a portion of the multifaceted evaluation of air turbine dental drills, 
the following hypothesis was examined: If human beings are exposed to 
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inds of this intensity, there will be no essential change in their threshold of 


ring. 

“Subjects: Six subjects, all members of the dental staff of the Armed 
ces Institute of Pathology, participated in the study. 

“Procedure: Subjects were tested in a pre-dichotomized distended Latin 
iare to minimize the error introduced by testing each person at the same 
erval after exposure. All subjects were tested prior to noise exposure. 
ey were then split into two groups of three. Group 1 exposed themselves 
vinning on the hour and continuing until seven minutes after the hour for 
‘+h of eight consecutive hours. Group 2 began at fifteen minutes past the 
ir and underwent the same condition as Group 1. During exposure, the 
ise was randomly interrupted to simulate actual working conditions. The 
itire procedure was repeated on each of the three consecutive days, except 

that on the second and third days the exposure interval was extended to fifteen 
minutes. Audiograms were taken by two trained audiologists, using standard 
audiometrie procedures, except that frequencies were presented in a partially 
randomized order. During the experiment an otological examination was given 
to serve as an additional control on extraneous factors entering the data, and to 
prevent any auditory mishap. 

“Throughout the experiment, any subject showing a threshold shift of 
evreater than fifteen decibels at any frequency was subjected to a test of recovery 
at that frequeney. If, within fifty-five minutes, hearing had not returned to 
within ten decibels of the initial audiogram, this subject would be dropped from 
the experiment. 

“Results: The data were examined as follows: the individual thresholds 
for each frequeney in each test were inspected for the pressure of threshold 
shift which had been defined as a fifteen decibel change in hearing acuity ; thresh- 
olds were averaged across ears and across individuals for each frequency and 
subjected to t-tests; the 4,000, 6,000, and 8,000 ¢.p.s. averages were pooled and 
subjected to t-tests. No ‘t’ value for any frequency, or any point in time 
after the beginning of exposure, was significant at any level. It was also 
noted that, given homogeneity of variance, no increase in sample size would 
produce significance. However, it was noted that individual thresholds did 
hot remain constant. They varied (randomly) within plus and minus ten 
decibels of the initial audiogram. Even though no statistic will recognize 
these variations, it is within the realm of possibility that these changes are 
actual clinical entities. With this thought in mind this laboratory urges that 
further research be undertaken to determine the amount of danger to the hear- 
ing mechanism present in these machines.”’ 

Chart 2, A shows thresholds for each subject at 6,000 cycles per second 

c.p.s.), averaged for left and right ears. (Note: Test 1 is the pre-exposure 
test; Tests 9 and 15 on the abscissa seale are the first tests on the second and 
third days, respectively.) Chart 2, B shows thresholds for each subject at 8,000 
.p.s. averaged for left and right ears. Chart 2, C shows thresholds for each 
subject averaged over the 4,000 ¢.p.s., 6,000 ¢.p.s., and 8,000 e.p.s. frequencies, 
nd left and right ears. 
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Noise levels in excess of 75 decibels in frequency ranges of 1,000 to 8,000 
¢.p.s. may possibly cause acoustic trauma. The extent of the trauma, if any, 
would depend on the frequency and length of exposure time. All of the 
instruments in this study were subjected to a frequency band analysis as we!| 
as an ambient noise level reading. 

Rating Methods.—As previously mentioned, an attempt was made to con 
pare the fourteen high-speed instruments objectively, although it was recognize:| 
that there was some element of subjectivity in certain factors to be rated. Th: 
statisticians who were consulted designed a basic rating card for this purpose 
(Chart 3), established strict criteria for each of the twenty-one rating elements 
to be considered (Table I), and allocated one ecard to each element. The eard 
permitted direct comparison of each instrument with each of the others and 
also permitted scoring of the relative position of all the instruments with 
respect to the individual factor rated. 


FACTOR: RELATIVE EFFICIENCY OF CHUCKS 
PERCENT VARIATION 100 (HOLE DIA. — TRUE BUR DIA.) -100 
MACHINE 2/3 ]4]5]6 
(7.4) - ]-]-]-]¢ 
(-0.3)\a) « | ¢ | o] 
(-4.4) J - 
(-2.1) 
(-4.3) 
(-32.6) 
(-3.4) 
(-17.3) 
(3.6) 
(21.8) 
(-26.3) 
(-26.3) 
(-21.2) 
(-8.8) 


TO RATE, ADD MINUS SIGNS DOWN TO PLUS SIGNS ACROSS FOR COLUMN AND LINE HAVING THE SAME NUMBER. 
Chart 3.—Basic rating card. 


Two members of the staff of the Dental and Oral Pathology Branch (J. L. B. 
and M. J. K.) rated each factor, designating by a plus sign that the rated instru- 
ment was more satisfactory (better) than the instrument with which it was 
compared, a minus sign if ‘‘worse than,’’ and a zero if there was no difference 
in the two with respect to the particular factor under consideration. As the 
sample ecard indicates, addition of the plus marks in line 1 provided the rank 
score of the first instrument. (For example, the machine listed on line 1 ranked 
as instrument No. 7 among the fourteen instruments with respeet to ehuck 
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ficiency.) Seore ranks of the instruments on successive lines were obtained 
adding minus signs down each comparison column to plus signs across the 
propriate rating line. 

When all the instruments had been rated, the basic rating cards for each 
cement were handed to the staff of the Medical Statistics Section for checking 
id for seore evaluation. Since the major purpose of the scoring was to ree- 
umend one or more instruments to the Army Dental Corps, consideration 

initial costs and interchangeability of stones and burs with those of con- 
ntional low-speed instruments was necessary. For this reason, the instru- 
ents were first compared within types, that is, gear-driven, belt-driven, 
ater turbines, and air turbines. This comparison is reflected in the chuck 
efficiency nomograph (Chart 1). 

No composite scores were attempted since some elements were rated 

iore than onee (for example, noise level as an operator hazard and as a factor 

irritational to the patient). However, an association of the individual scores 
for patient effects, operator effects, and the miscellaneous elements were re- 
lated successively to the efficiency of each instrument by translating the scores 
for each category into standard scores‘ to reflect the instrument-dispersion 
relative to the category mean. These relationships are presented in Chart 4, 
A through C; Chart 4, D relates the effects of the instruments on patients to 
those on operators. Instruments which appear in the upper right quadrant 
above average in both categories under consideration; those 
quadrant are above average for the category measured on 
the vertical seale and below average for that on the horizontal seale. Instru- 
ments shown in the lower right quadrant are the converse of those in the upper 
left, while those in the lower left are below average for both categories. 

The four parts of Chart 4 indieate that, in general, the instruments with 

’”? elements in re- 


of the charts are 
in the upper left 


elements that contributed most to efficiency also had **‘ plus 
lation to patients and operator effects. The converse was also true. It is 
of particular interest that when the seores for rating category 2 (‘‘ Effects on 
Patient’’) were related to effects on operator (Chart 4, B), six of the four- 
teen instruments rated very high in both categories. The association of miscel- 
laneous aspects and instrument efficiency in Chart 4, ( serves to penalize some 
instruments which rated high in other categories; only two of the instruments 
appeared in the upper right quadrants of all four charts. Recent improve- 
ments of several instruments would undoubtedly increase the number with 


consistently high ratings if similar tests were made. 


PULPAL CHANGES 

Perhaps the most important consideration in the use of high-speed instru- 
iments is the biologic effects on the dental pulp. Both animal and human 
experimentation were undertaken, and considerable data were accumulated. 
These data must be evaluated in the light of certain established facts eoneern- 
ing the capacity of the dental pulp to react. 
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Status of the Clinically Normal Pulp.—tThe pulp is accepted as ‘‘elinicall) 
normal’’ when it exhibits neither signs nor symptoms and when it responds a. 
expected to certain accepted testing procedures. In view of the questionab): 
validity of such tests, the results may not always be meaningful. We musi 
assume, therefore, that the health status of the dental pulp is variable an: 
that extensive pathologic changes, such as calcific degeneration and ever 
pulpal abscesses, may exist without detection. Histologic examination 0} 
thousands of extracted teeth has shown this to be true. Because of this, re- 
activity of the dental pulp to any stimulus will depend largely on the remain- 
ing threshold of defense. If this fact is not recognized and properly weighed 
in investigative procedures, serious errors in conclusions will result. 

Reactivity of the Clinically Normal Pulp.—oOf equal importance is the need 
for recognizing that the dental pulp is an extremely sensitive organ with sur- 
prising powers of recovery. -lny operative procedure, even hand instrumenta- 
tion, will result in a tissue reaction within the pulp. In most instances, such a 
reaction will not produce symptoms, and considerable time may be required 
for recovery. As in other sensitive tissues, all such events exact their toll, 
lowering the remaining threshold of the capacity of the pulp for repair. It 
must also be pointed out that, with aging, catabolic changes are greatly ac- 
celerated, and the adult pulp histologically and clinically is quite unlike that 


of younger persons. 


Changes in the Pulp and Dentine With Low-Speed Instrumentation.— 


Numerous studies have indicated that the pulpal changes brought about by 
use of the conventional low-speed instruments can be referred to as follows: 

1. The calciotraumatic response is a persistent linear marking in 
the dentinal tubules brought about by a momentary interference with 
dentine formation at the cavity base at the time of the trauma. In 
itself, it is not particularly important, since in most instances normal 
dentine formation is resumed upon cessation of the insult. 

2. Disruption in the odontoblastie layer may result from instru- 
mentation of any speed; normally, the columnar odontoblasts are 
sharply regimented as they engage in dentine formation, but the im- 
pact of cavity preparation disrupts their alignment and therefore 
their function, thus altering the quantity and quality of their product 
(dentine). This aberration is subsequently seen in the older dentine 
as the calciotraumatic response. If one recalls that dentine formation 
is continuous, this can be easily visualized (Fig. 1). 

3. Pulpal inflammation, which occurs in areas of the pulp ad- 
jacent to the base of the cavity, is of prime importance, since it under- 
lies the changes described above. The severity of this inflammatory 
change depends upon the nature and intensity of the insult. Usually 
it is a fairly mild, acute exudative response, characterized by a sparse 
leukocytie infiltration accompanied by vascular distention and plasma 
exudation. With time, the cellular infiltrate changes to a lymphocytic 
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and plasma-eell type. On occasion, however, the traumatic event may 
produce rupture of blood vessels with escape of whole blood into 
the pulpal tissue (Fig. 2). 

The nature and severity of the inflammatory response determine 
the extent to which the metabolie activity of the odontoblasts will be 
disrupted; therefore, they are the chief factors in bringing about the 


iubindebseuisntiiieseee tO 


Fig. 1. 
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ig. 1. Area A beyond confines of cavity preparation shows well-oriented odontoblastic 
ver, Area B beneath the cavity preparation exhibits complete architectural disruption. The 
iotraumatic response is seen below the arrow. 
‘ig A aw ms? ve 7. « 5 , ; i i i 
Fig. 2.—Extravascular hemorrhage in the odontoblastic zone and surrounding tissue. 





BERNIER AND KNAPP O.S., O. M. & O. | 
February, 195 
ealeciotraumatic response. Even though many changes may have 
taken place in the pulp, it is seldom destroyed by cavity preparation. 
Nevertheless, it is certainly: possible that it could be, particularly 
when the additive effect of filling materials on the pulp is significant. 
Changes in Pulp and Dentine due to High-Speed Instrumentation.—Experi 
mental procedures were conducted on teeth of dogs and human beings to d 
termine what changes were attributable to high-speed instrumentation. 


Fig. 3.—Normal histologic appearance of dentine, odontoblastic zone, and pulp. 


Experiments: To obtain teeth of reasonably standard size and free ot 
general or local disease, young adult purebred beagle dogs were chosen for 
the experiments (Fig. 3). Class V cavities were prepared by as standardized 
a procedure as possible, leaving 1 mm. of dentine between the floor of the 
cavity and the pulp. Water spray coolant was used during the procedures. 
The cavities were filled with silver amalgam, without base or cavity lining. 
Dogs were sacrificed after two, seven, ten, fifteen, and thirty days. The jaws 
were cut into blocks, decalcified, embedded in celloidin, and cut and stained 
in the usual manner. Intact contralateral teeth served as controls. 

In the human studies, virgin upper and lower premolars, destined for 
extraction because of orthodontic measures, were used. Cavities were pre- 
pared and the teeth were removed after ten and twenty days. They were 
processed in the usual manner. 
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Results: Only those changes which are considered to be significantly related 
\igh-speed instrumentation will be discussed. These are (1) rebound response 
| (2) varicosity. 

Rebound response is a change in the dental pulp never before described. 
e selection of this term to define the reaction in no way implies a factor 
causation. Of particular significance is its location on the wall of the pulp 
amber opposite, or at least at a distance from, the cavity preparation. While 

biologie nature of the change is not yet clear, it appears to be a dis- 
rbanee in the interstitial ground substance. No cellular infiltrate is noted, 


| vascular alterations are absent (Figs. 4, 5, and 6). 














Fig. 4.—Cavity preparation and area of rebound response. 


It could be reasoned that with high-speed instruments there is an ex- 
tensive transmission of energy into the pulp chamber which transcends those 
torees that would normally localize such effects at the base of the cavity. One 
could also assume that the physical characteristics of the chamber might 
influence the point of localization. The change has been seen in both animal 
and human teeth and will be explored further. An assessment of the cyclic 
quality of the sound vibrations peculiar to high-speed instruments seems a 
likely place to begin, in that the rebound response seems similar, at least 
histologically, to that in teeth subjected to ultrasonic vibrations (29,000 cycles 


per second), 
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Fig. 5.—Area B of Fig. 4. Note calciotraumatic response and disrupted odontoblastic 
zone, 


Fig. 6.—Rebound response of area B, Fig. 4. 
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Varicosity, the second unusual reaction noted in the experimental teeth, 
s the formation of large air-filled spaces in the pulpal tissue. These were 
oid of any lining cells, suggesting that the response was immediate (Fig. 

As in the rebound response, there are at least speculative reasons which 
ild indieate that energy transmission and focalization could be responsi- 

If this were so, there is the possibility that some tissue resistance was 
countered which precluded the localization of the reaction across the pulp 
m the site of cavity preparation. One need hardly emphasize the im- 
tanee of this change in relation to pulpal pain at increased altitudes. 





Fig. 7.—Varicosity formation. 


Other responses related to high-speed instrumentation inelude increased 
odontoblastie disruption, extravascular hemorrhage, predentine formation, 
and pulpal fibrosis (Figs. 8, 9, 10, and 11). We cannot, however, evaluate 
the accentuation of these reactions critically on the basis of present studies. 
l‘urther investigation is required. 

Comment: It appears that high-speed instrumentation produces a greater 
range of pulpal changes, and some may be more severe than the changes 
produced with low-speed devices. The nature of these changes indicates that 
heir additive effects, if superimposed on a lowered threshold of adaptability 
'f the pulp, could cause irreversible damage. 
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Fig. 9. 


Fig. 8.—Odontoblastic disruption. 
Fig. 9.—Cells in dentinal tubules. 
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Fig. 10.—Aspirated odontoblast. 
Fig. 11.—Pulpal fibrosis. 
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Our inability to relate this range of tissue reactions to specific instri- 
ments or speed ranges suggests that the method and the care taken by th: 
operator in using high-speed instruments may be important factors. It is 
reasonable to assume that experience gained over the years with low-spee:| 
instruments may require re-evaluation when applied to the high-speed devices. 
There is good reason to believe that it is the operator using high-speed in.- 
struments as he would the low-speed ones who is responsible for the greater 
range of pulpal reactions. We believe that studies are indicated to determine 
how the operator can prevent excessive pulpal damage by controlling the 
energy of the intensity produced by high r.p.m. instruments. It may be that 
the lower torque of air turbines will prove to be a factor of safety. 


SUMMARY 


Methods used in evaluation of high-speed dental instruments at the 
Armed Forces Institute of Pathology during a two-year period are presented 
as possible guides for future tests. These include the methods and results 
of a human sound experiment to determine the effects of high-speed instru- 
ments on thresholds of hearing. 

The biologie effects of high speeds on the dental pulp were investigated 
by means of both animal and human experiments; the pulpal changes are 
discussed and microphotographs are presented. 

The views expressed in this article are those of the authors and do not 


necessarily represent the views of the Armed Forces Institute of Pathology 
and the Department of the Army. 
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European Organization for Research on Fluorine and Dental Caries Prevention 


The sixth congress of the European Organization for Research on Fluorine and 
tal Caries Prevention (ORCA) will take place in Pavia, Italy, July 3 to 5, 1959. The 
in theme of the congress will be “Caries Tests.” 
Dr. Rudolf Naujoks, Univ.—krankenhaus Eppendorf, Martinistr. 52, Hamburg 20, 
Germany, is preparing the scientific program. Prof. Dr. Silvio Palazzi, Corso d’Italia 49, 
\lilano, Italy, is chairman of the organizing committee. 


Additional details concerning the Congress will be announced later. 


Second Symposium on Gnotobiotic Technology: The Rearing and Use of 
Germfree Animals 

A national symposium on the technology of germfree research will be held Wednesday 
and Thursday, April 8 and 9, 1959, at Lobund Institute, University of Notre Dame, South 
Bend, Indiana, 

Registration for the two-day symposium begins at 8 A.M., April 8, on the campus of 
the University of Notre Dame, and the first session is at 10 A.M. 

Further information is available from Professor Philip C. Trexler, Lobund Institute, 
University of Notre Dame, South Bend, Indiana, and Donald L. Snow, Chief, Sanitary 
Engineering Branch, Division of Research Services, National Institutes of Health, Bethesda, 


Maryland. 


First District Dental Society 


A lecture entitled “Surgical Preparation of the Mouth for Dentures” will be given by 
Drs. Losealzo and Pleasure at the meeting of the Section on Oral Surgery, First District 
Dental Society, at 8 p.M. on Wednesday, March 18, 1959, at Hotel Statler in New York City. 
Lawrence Salman, Secretary 
250 West 57th St. 
New York 19, New York 


International Academy of Oral Pathology 


Through the gracious support of the Charles Ulrich and Josephine Bay Foundation, 
International Academy of Oral Pathology will hold its first conference in New York 
ty at the time of the centennial meeting of the American Dental Association. 
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The International Academy of Oral Pathology was founded by a group of inter- 
nationally prominent oral pathologists. The founding fellows are Professor Robert \. 
Bradlaw of Durham University, England; Colonel Joseph L. Bernier of the Armed Forces 
Institute of Pathology, Washington, D. C.; Dr. Lester R. Cahn, Professor of Oral P: 
thology, Columbia University; Professor J. J. Pindborg of the University of Copenhagen ; 
Dr. Reidar Sognnaes, formerly of Norway, now Brachet Professor of Oral Pathology ai 
Harvard University; Professor Martin Rushton of Guy’s Hospital, University of London; 

and Dr. Kurt H. Thoma, Professor Emeritus, Harvard University. 
The program of the conference will be announced later. Included in this progran 

will be the first of the Charles Ulrich and Josephine Bay Lectures. 
The headquarters of the International Academy of Oral Pathology is at the Arme: 


Forces Institute of Pathology in Washington, D. C. 
Joseph L. Bernici 


Colonel, DC, USA 
Secretary 


Academy of Dentistry for the Handicapped 


The annual meeting will be held on Sunday, Feb. 8, 1959, at the Conrad Hilton Hotel 
in Chicago, Illinois, in conjunction with the midwinter meeting of the Chicago Dental 
Society. 

Dr. Saul Levy, of the Department of Dentistry of Michael Reese Hospital, will 
address the Academy on “Dentistry for the Handicapped in Hospitals.” 

Dr. Boyd F. Sprague of Portland, Oregon, will speak on “Rectal Anesthesia for the 
Handicapped Patient.” 

Drs. Manuel M. Album of Jenkintown, Pennsylvania, and Hugh Kopel of Detroit, 
Michigan, will discuss “Drug Therapy and Dosage in Dentistry for Children.” 

Further information may be obtained by writing to the secretary, Dr. Robert I. 
Kaplan, 3038 Federal St., Camden 5, New Jersey. 


University of Alabama 
The School of Dentistry will present the following refresher courses during the 
months of April and May, 1959: 


Partial Denture Prosthesis. April 3-5. 
William L. McCracken 
Oral Medicine. April 10-12. 
Emanuel Cheraskin. 
Immediate Root Canal Therapy Followed by Apicoectomy. May 7 and 8. 
Adeeb E. Thomas. 
Pedodontics for the General Practitioner. May 16 and 17. 
Sidney B. Finn. 
Anatomy of the Head and Neck. May 25-27. 
Harry Sicher. 
For further information, please contact the Director, Refresher Course Program, Uni- 
versity of Alabama School of Dentistry, 1919 Seventh Ave. South, Birmingham, Alabama. 


Boston University and Massachusetts Memorial Hospitals 


The Department of Stomatology, Division of Graduate Studies, School of Medicine, 
Boston University, and the Massachusetts Memorial Hospitals announces the following 


postgraduate courses: 


Advanced Course in Periodontal Therapy. Drs. Henry M. Goldman, Bernard 8. 
Chaikin, and Staff. March 2-7, 1959. $250.00. 
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Technies in the General Practice of Dentistry. Staff. March 9-14, 1959. $175.00. 


Periodontal Therapy. Drs. Henry M. Goldman, Bernard 8. Chaikin, and Staff. 


March 16-27, 1959. $350.00. 
Tooth Preparation and Elastic Impression Material Technics in Crown and 
Bridge. Dr. Arthur Kahn. March 30—April 1, 1959. $100.00. 
Full Denture Prosthesis. Dr. Chester Landy. April 6-10, 1959. $150.00. 


Occlusal Adjustment. Drs. Bernard S. Chaikin, Henry M. Goldman, and staff. 


April 27—May 1, 1959. $200.00. 
Dr. Herbert Schilder. May 11-15, 1959. $175.00. 


Endodonties. 
Prosthesis. Drs. Leo Talkov and David J. Baraban. May 18-22, 


Periodontal 
1959. $200.00. 

Surgical Technics Employed in Periodontal Therapy. Dr. 
29, 1959. $200.00. 

in Operative Dentistry. Dr. Harold Berk. June 4-6, 1959. 


Lewis Fox. May 25- 


Pulp Protection 
$100.00. 
Periodontal Pathology. Drs. Henry M. Goldman, Jack Bloom, and Staff. June 

8-12, 1959. $250.00. 
Detailed hour-by-hour rosters for the courses are available upon request. 


For further information or for application blanks, apply to Director, Postgraduate 
Massachusetts Memorial Hospitals, 750 Harrison 


Boston 18, Massachusetts. 


Georgetown Univers.ty 


The School of Dentistry announces a course in intravenous anesthesia for the dental 


office (for oral surgeons only) which will be given Monday through Friday, March 9 to 


3, 1959. 
ve under the direction of Drs. Harold Krogh of Washington, D. C., and Adrian O. Hubbell 


Tuition will be $250.00, and the class will be limited to fifteen. The course will 


of Long Beach, California. 


University of Kansas City 


the . 


The following postgraduate courses which have been approved by the Director of 
\cademy of General Dentistry, will be given by the University of Kansas City in 1959: 
Nygaard Ostby, Oslo, Norway. February 13 and 14. $50.00. 
Dr. William Koch, St. Louis, Missouri. February 28. $25.00. 
Drs. P. M. Jones, C. G. Porter, H. Eversull, D. D. Kra- 


Endodonties. Dr. 

Oral Radiology. 

Complete Denture Prosthesis. 
jicek, and J. B. Darnell. March 3 to 7. $100.00. 

Symposium on Hospital Procedures. Drs. W. Hart, R. A. Allen, W. J. Carter, & de 
Brown, R. Friedrich (A.D.A.), and Mr. Moore. March 5. $25.00. 

Oral Diagnosis and Oral Medicine. Dr. H. G. B. Robinson. March 5. $25.00. 

Dentistry for Handicapped Children. Drs. J. E. Wells, A. E. Iwersen, W. J. Carter, 

and A. F. Lindquist. March 6. $25.00. 


Periodontics. Dr. Frank Buebe, New York, New York. April 1 and 2. $50.00. 
Cephalometrics. Dr. R. M. Ricketts, Pacific Palisades, California. May 6 to 8. $75.00. 


Oral Surgery. Colonel R. B. Shira, Walter Reed Hospital, Washington, D. C. June 19 
and 20. $50.00. 

Materials in Dentistry. Dr. Gunnar Ryge, Milwaukee, Wisconsin. September 3 and 4. 
$50.00. 

Preventive and Interceptive Orthodontics. 
phis, Tennessee. October 14 to 16. $85.00. 

Dr. Bernard Jankelson, Seattle, Washington. November 4 to 6. $75.00. 


Dr. Faustin N. Weber and associate, Mem- 


Prostheties. 
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February, 195 


University of Minnesota 


The Division of Oral Pathology is one of the first schools to be granted a Fellowshi 
in Clinical Oral Pathology by the American Cancer Society for the period of July 1, 195:, 
to June 30, 1960. This will pay the recipient $3,600.00 per annum, taxfree, and is re- 
newable upon approval of the American Cancer Society. 

A program of education has been synthesized to give the trainee advanced experienc 
in both clinical and basie material in dermatology, dermatopathology, biostatistics, tumo 
pathology, advanced oral pathology, pediatrics, and metabolic and endocrine disorders 
A wealth of clinical material is available within the University of Minnesota Medica 


Center. 
Applicants must apply before Feb. 15, 1959, forwarding a curriculum vitae and 


academic record. Inquiries should be addressed to 
Dr. Robert J. Gorlin, 
Chairman, Oral Pathology, 
School of Dentistry, 
University of Minnesota, 
Minneapolis 14, Minnesota. 


Tufts University 


A special postgraduate refresher course in periodontology, entitled “Recent Develop- 
ments on the Histopathology of Periodontal Disease,’’ will be offered April 18 and 19, 
1959. The course will be given by Dr. Jens Waerhaug, Professor of Dentistry and Head 
of the Department of Periodontology, Norwegian State Dental School, Oslo, Norway. 
Tuition will be $40.00. 

A special course will be given Sept. 21 to 23, 1959, during the centennial meeting of 
the American Dental Association and the meeting of the Federation Dentaire Interna- 
tionale which will be held in New York City—one hour away from Boston. The course, 
entitled “Modern Concepts Regarding the Etiology, Diagnosis, and Treatment of Oral 
Disease,” will be given by Colonel Joseph L. Bernier, Chief, Branch of Dental and Oral 
Pathology, Armed Forces Institute of Pathology, Washington, D. C. Tuition will be 
$75.00. (Special tuition can be arranged for dentists from outside North America.) In 
this course, Colonel Bernier will interpret diseases of the oral mucous membrane and 
osseous structures in terms of underlying microscopic tissue changes. The cellular and 
clinical changes produced by local and systemic influences will be explained. The criteria 
for the early diagnosis of malignancy in the oral cavity and adjacent structures will be 
deseribed. 

For further information and application, write to Division of Graduate and Post- 
graduate Studies, Tufts University School of Dental Medicine, 136 Harrison Ave., Boston 


11, Massachusetts. 


Tufts University 


Tufts University School of Dental Medicine announces two graduate courses in oral 
surgery. 
T. THREE-YEAR GRADUATE COURSE IN ORAL SURGERY IN CONJUNCTION WITH 
THE Boston City HospitaL., Dr. Richard G. Taylor, Professor and Chairman of 
the Department of Oral Surgery, Tufts University School of Dental Medicine, 
and Director of the Oral Surgery Department at the Boston City Hospital. 
This is a three-year training program in oral surgery arranged for persons 
interested in preparing for specialization and certification by the American 
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Board of Oral Surgery. The first year is spent at Tufts University School of 
Dental Medicine and consists of study in basic and applied sciences. The second 
and third years are spent as intern and resident at the Boston City Hospital. 

The oral surgery service at the Boston City Hospital offers outstanding op- 
portunities for training in all phases of major and minor oral surgery. There 
are 400 house admissions annually, and 22,500 outpatients seen each year. One 
hundred fifty fracture cases are treated each year. The oral surgery service enjoys 
excellent cooperation with other departments. The service provides an average 
of 650 consultations to other departments throughout the year. Three months 
luring the years are spent in the anesthesia department, where attention is 
given to training in endotracheal techniques. Interns and residents are required 

to attend regular lectures, conferences, and clinics at the hospital as part of 

their training. 

Preparation for a graduate degree is not a necessary feature of this course. 
Research activity is encouraged, however, and interested candidates may include 
degree qualification as part of the three-year program. Dental school graduates 
who have a B.S. degree are eligible for the Master of Science Degree. Dental 
school graduates who do not have a bachelor’s degree may apply for the Master 
of Dental Science degree. 

Participants in the program will be accepted for three years. However, 
advancement from year to year is contingent upon the candidate’s satisfactory 
performance, Tuition for the first year is $1,000.00. For the remaining two 
vears, there is no tuition charge and the participants receive a stipend from the 
hospital. 

IT. ONE-YEAR BASIC ScIENCE COURSE IN ORAL SurGeRY. This is a one-year 
course designed to meet the needs of persons desirous of fulfilling the require- 
ments for certification by the American Board of Oral Surgery. It is devoted 
to the basic and applied science background necessary for surgical practice. 

The opportunity for clinical work in oral surgery is not ineluded in the eur- 

riculum of this one-year course. 

For further information and application, write to Division of Graduate and Post- 
graduate Studies, Tufts University School of Dental Medicine, 136 Harrison Ave., Boston 


11, Massachusetts. 


Manhattan General Hospital 


A new Department of Dentistry has been founded at the Manhattan General Hos- 
pital in New York City in connection with the care of city welfare patients suffering 
from pulmonary diseases. This department intends to foster the clinical knowledge of 
the treatment of oral problems in patients suffering from diseases of pulmonary origin. 
The staff will carry on research work. 

\ppointments in the Department of Oral Surgery will be made as the need for 


additional staff develops. 





REVIEWS OF THE LITERATURE 


MALIGNANT ORAL TUMORS 


Multicentric Carcinomas of the Oral Cavity. C. G. Moertel and E. L. Foss. Surg., Gynec. 
& Obst. 106: 652, June, 1958. 


‘*The concept of epithelial carcinoma originating from a single minute focus at a 
single instant in time has been seriously challenged in recent years.’’ 

Of 732 patients with proved oral cancer seen at the Mayo Clinie during the ten-year 
period from 1944 through 1953, a total of sixty-four, or 8.7 per cent, were found to have 
two or more discrete oral cancers. 

Associated leukoplakia was found in 75 per cent of the patients with multiple oral 
lesions. An overwhelming majority of the patients were users of tobacco, particularly in 
the forms which expose the mouth to tobacco juices. 

When oral cancer develops, all of the contiguous squamous mucous membrane must 
be considered as highly susceptible to future malignant change. 

The importance of appropriate prophylactic measures and periodic checkups in 
patients with known oral cancer is stressed. 
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A Study of the Etiological Factors in Cancer of the Mouth. E, L. Wynder, I. J. Bross, and 
R. M. Feldman. Cancer 10: 1300, 1957. 


Environmental factors play a role in the development of cancer in man. 

This study is based upon 659 patients with cancer of the oral cavity; 543 of the pa- 
tients were men. 

Smoking, particularly cigar and pipe smoking, was found to be an important factor 
in the development of cancer of the oral cavity in men. In women cigarette smoking 
represented a factor. Other extrinsic factors were dental irritation and aleohol consump- 
tion. 

It is recognized that intrinsic factors play a role, but at present they remain unknown. 
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